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Introduction

INTRODUCTION

Ronald S. Thomas
Deputy Director
SACLANT ASW Research Centre
La Spezia, Italy

The project to construct an  acoustically quiet research ship for the
SACLAN! ASW Rec:arch Centre provided a reason for SACLANTCEN to organize a
conference on stlent ships, their operation and applications, The ship, to
he delivered in 1986, will have a strong impact on the Centre's ability to
undertake research and to meet its mandate - to provide scientific and
technical advice on ASW to SACLANT. This is especially true since there is
an increasing trend towards research at lower acoustic frequencies, where
most of the underwater background noise is generated by ships.

The new ship, the first actually owned by NATO, will be operated by a

commercial firm and will, as with the present research ship, be used by a

NATO international scientific staff serving on relatively short-term:
contracts, This higher-than-normal rate of turnover in the research staff

leaves fleaibility for adjusting scientific programmes, but also

accentuates the need for good planning. '

The conference was an opportunity to discuss problems related to the
operation and applications -of quiet ships in a forum in which the
participants had an unusual combination of disciplines. The result was a
series of stimulating exchanges and a broadening of perspectives for all,

Undoubtedly the conference will. influence the Centre in its planning for
the management of this specialized quiet ship and will affect thinking for
staffing. At the same time it has made more people aware of the new ship
that will often participate with NATO nations tin joint experimental
studies, following ‘the tradition established with SACLANTCEN's pravious
chartered ships: the MARIA PAOLINA G. and the ARAGONESE.

SACLANTCEN is ‘grateful for the contribution of all participants and hopes
that they have also found the conference both informative and enjoyable.
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GIFFEPENT«HPFFDHFHCS T ECOHMIC CRUDTING ZFEEDT OH ﬂ LUOUD
FRIGHTE,HITH CUE REGARD T2 RAUIATED HOLGZE
ke
Lucin Accwrda (LR, IND and Massimoe Story DR, IN:
Mar 1coriavarmy . MOD MNauy :
Rome, Italy
ABRSTRACT
Hll Hxvles, 1n recent vears, have keen much more. 'mncern~d 1N

ecormlc Crulsing speeds of ships. Frigate type rniaval ships sre
usually characterized by two shafts, by multiple propualsion
er3tnes per shaft, and by diftsrent tvpes of propulsion crnualnes
(423 turbines and dieselsy). When ecoromic cruirsing spsed 15
ezsential (for example during transit missions) naval ships are
usually oper ated at asvemmetrical shaft revoluticns, with ore
rropulsziuve shatt and the other trailing. This peérer 11lustrates
the impact on cavitaticn (awd theretore on radiated nolses of
azsvhimetrical shavt revolutions wmode of operdtnon compared to. the
' en aha+t revc lutions mode of cperation. .

INTREACUC T IO

It 15 well known that specific fuel consumption of 925 turkines |
tNCre@asss with decreasing rower output. When a gas turbine zhip ‘
13 underway at relatively low specds the mcde of operation’ with

one shatt provelled and the other trailina 13 more tavorable

than operation with two propellsd shafts., Fuel conzustion 1n X
S this condition is lower, 1n spite of the additional dray of the .
tray ling shast, : o : . S

CODOG shics have the advantage of been able to reach spwed not . :
attainable with diesel propulsion in an unconuentional way, that ’
is with one shatt propelled by divzel engine at nominal. spaed, .
and the other szshaft procpelled by a aas turbine. In' this
cordition the dray of the slow shatt 1is reduced, +the r.p.m.

o differencs betwsen the two shafts is also reduced, and an »

. ' overall lower fual consumpiion has been moasurod. ' . ; i

R ‘ Specitic trials hauo boon carried. out <to znve,txgato thiz - : '

unconventional machinery line-up. The speeds investizyated were ! ;
" thcse correspording to a Froude number of 0.337 and 0.368. 3
T These ship’s sreeds are attainable with the +ollowing prOpu\sxon
K- machinery line-ues 1

}
§
i
- one Jas turbine on each sha#t ' ;-
~ one gas turbine orn one shaft and the other trailing ' ;
- one 9as turbine on one shaft. and a dtosol engine at nominal
r.e.m. on the other zhadtt

SACLANTCEN €P-36 - . 11
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AN addi tional 1roe Frgation was per formed at a2 Froude rnumker of
Q. 207, attainoble anly with arne 4%5 twrkine on each shart or
with one a2z turkiire on are zhatt and the other sha#t trai ling.

1 leinl DESCRIPT DO

Thee tri =l b 2@ bewn Carried out an the narthern Torrenian  =ea,
10 the etk o Hpr a1, 1332, Weather condl tions were Ao, with
calm rea o vartao le wind rorce 1. The ship was at +he trial
ik lacenent, wrth Clean Rall and prove Vlers.,

Thee patct o Ccontrallzk e piteh propellers was  bept oF  the
ezl o o3 lue chur ires the tryalz, '

The tollowming a1 xk les vere measursd during tnhe trials @

=~ shie s zpeed b Faydist

= shatts” tor que Ky tor quensters
= zszhiarts” ropeme ke courters

- tuel consuprtion by on—koard tiel meters

The caition stetches were twen on. the poart shatt, squipped

with propeller viewing windows,

o Es I THT IO S ETCHES

Tz les 1., 2., ad 3. summarize the computed values of the
tor que cowtfilaient kg and of the cavitation index on based on

the calues o poner and shatt r.p.n. measured during the trials.

3

The +o1l lou.-xn-:_q' relationships have been used 3

 Faeo ¥ " | -
‘ fEQQL -

Kae 73 Pd__ 246000 y
q‘*m;»’o? .

' | G. . 40480 + 40984 3460 :
" 82,3 N D7 . :

e andn




ACCARDO & STORI.  CODOG frigate

where 3

- Fn 13 the Froude mumber .
- L 13 the shirp's lecnght 1n meters
' ' : - 4 15 the acceleratiun duse to grsite 1n '3
- F4 13 the pover 1n horzepousr
- 13 the propeller rop.m,
- D a3 the prapeller dimetesr in netsrs
-1 15 the propeller center dizl draft 1o meters

' The wavitaticon zketches at Frouds rumkbers of 3.3
Q, 382, with the ship propelled at even zhatt r.p.m. kvy a 23
turkine per shatt, e g1oen in Fig, 1, Fig., 2, od Fiz 3.
rez:pectl e iv. V
’ . 237 aryvd
+tt r.p.m. witr
trza ling, EY -]

The cauvitation sketches at Frouce numkers of 9@, 30
1,263, with the zhip propeiled at asymmetrical zha
2 923 turbirne on crne shatt wd the other shatt
tven 1n Fia4. 4, Fiu, S, and Fi19. & resrectively,

The cauvitation sbtetdhes at Froude rumbers of @.3327  ond a4, 268,
with the zhiwp propelled at asrmmetrical shatt rop.m. with & 9as
turbine on core shart and a digzel engwine at nominal zpeed on the
other zhatt, e artven 1n Fig. ? and Fia. 2 rezpective l-,
Froude runker ot 3, 207 has not been considered sirnce 1t is not
attainabble 1 *this propu\sive.cﬁndxtion.

[

3 COMMENTS O TEIAL RESLLTS

~—

Ecamination of cavitation sketches leads tb the <+follcwing
comments 3 ] '

3.1, a2t even zhaftt r.p.m. @xtension of cavitation 13 minsium. 35
supectad.

' 2.2. at asymnetrical sha¥*t r.p.m. 1

'3.241. fast shatt 3

back cavitation is alvays prewnt, and the ektensicn is
' larger with increasing shaft r.p.n. difference between the
two shatts, ' :

* . tace cavitation is present only in the lpast repP.Mme
I - drfference between the twa shatts. : '

é;;

4 3.2.2. slow shatt 1

back cavitation is present at Froude numbers o¥ 9.337 and
9.368 only when the slow shaft is connected to | the diassel
engine. . -
.face cavitation is always present, and the extension 1is,
larger with increasing shatt r.p.m. difference pbetween the .
two shat#ts. IR '

K tme we \on

&1

SACLANTCEN CP-35 - . 1-3 °
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3 CONCLLLIGHS
The trials carried out have contirmed that s

-, oetimal conditions, rrom the point of wisw of cavitation, are
sttaarned with ecen shett rop.m.

- the worzt cavitation extension has keen obzerved when the
ship 13 prope lled by one shatt anid the other 13 trai lindg,

- ihapts propulsion by one 43 turkine and one diezel at
twocder ate 1y as e trical shatt rop.m. 13 the bhest from the fusl
coniEnnp tien point of ulew o represont a gocd  ComEr Sl S rrcm
thez canoitaticon point of ulew,

.- . R . = : . P N
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ACCARDO & BAU: Propelier leading edge trimming

PROPELLER LEADING EDGE TNIMMING AND MAINTENANCE
EFFECTS ON SHIP'S NOISE OPERATIONAL PERFORMANCES

. by

L. Accardo - N.M.1. ~ C.Z.I.N.M. - Roma (Italy)
F. Bad - FINCANTIERI - C.K.I. - Genova (Italy)

ABSTRACT

In the last ten years, considerable experience has been gathered at
CEIMM's cavitation tunnel (Centro Ksperienze ldrodinamiche Marina Milita-
re) on the effects of propsller leading edye geometry on cavitation (and
noise) performances. The experieace has been gained on both model and
full s:ale tests, carried cut by using various techniques. Some conside- .
‘rations are also made on the design, manufacture and maintenance needs im
posed by t.od-y s silent ship design and opontlon.

INTRODUCT 10W \
It 18 well known that a fluid surrounding & lifting surface, with foil
type sections, undergoes the most important velocity variations in the vi
cinity of the section's leading edge (1,2).

During one revolution of a propeller blade, the velocity variations are

related to the wake distribution at the propeller disc, the propeller

working conditions, and the mtuttcn rumber (3, -).

At the initial propollcr design stage, some w.am can bo wiubly" !
chosen to delay cavitation, viz. low RPN, regul+r wake fieid; loading di-
stribution, skew, etc. , (5,6). Although the whole blede geometry is re-
sponsidble for a given cavitation behaviour, the icading edg. is the re- -
gion where the cevitation first starts and develops. Due to the important
correlation between cavitation and noiee,(7,8), any operational require-
ment which implies Quietneen aakes, thonfm. tho leading od. .oo-otry
very lwmt.

Untortmouly. the leading edgo region is difficult to shape properly at
the production stage, sad eve: more difficult to. check uul control accura :
tely and -.mutn efficiently. . 1.

SACLANTCEN CP-36 N =




ACCARDO & BAU:  Propelier leading edge trimming

In this paper some examples of propeller leading edge geometry effects on
cavitation and noise behaviour of both full scale and « del propellers
are hriefly presented and discussed. The analytical illustration of the
etferts of gfonet.rxcal details, working conditions and local Reynalds aum

rer »n the fluid velocity dJdistribution and cavitation onset of propelier '

niade s not the scope of this paper; considerable literature ~an be
found o this field 0 16G;.
1 !\FV:H‘(;’N PR"’BLI’,N‘,

Wwen lcw noise propellers are to be designed, several computer programs
can provide rather accurate theoretical predictions on the cavitation amd
vibration performances of a given propeller geometry operating at given
ronditions (1.,

One fundamental design parametar is the local full scale wake field,
51111 111 known at this stage. Therefore all designs are developed and
optimized wider some assumptions sbout the wake field. '

The leading edge is the most sensitive part of the blade with respec® to
botr t.€ local wake pattern and the cavitation. Definite risk exista. of
local unadequacy of the propeller geometry when the wake field shows un-
expected variations. However, leading edge trimming can give poaitive
solution to. the problem (i2). '

'
.

t
2 EXISTING STANDARD AND PROPELLER CAVITATION

Propel'ler. nnuf’ncturod to the tole o8 prescribed by the internatiounai
1S0: 484-81 standard will in general have propulsive performances corre-
sponding to the design and model ting stage predictions.

On. the other handa,  generous tolere-l.es are allowed in those parts of the

blade where the cavitation p first occur (tip, leeding edge re-
- gion, blade root region). Secti thickness distribution tolerances be
come quite significant st the leading edge. Experience gathered leads e-

ventually to the conclusion that a| " case by case "' tolerance must be

studied and adopted when special quitness is imposed by operational requi
rements to a given propeller. F tion accuracy, accoeding to interna—
tional standards, does no’. represen
against cavitation onset.

Propeller geometry check proc : in blade regiona where large curve-

_SACLANTCEN CP-36 g 2+
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ture variations occur, -are difficult. . Templates can be used only at given
. positiona, and even there the resulting accuracy is at least doubtful.

Check problems exist also for numerical ly controlled manufacturing. Spot
cherks are possible hy using the same manufacturing equipment, but the ne-
cessary quast-continuous (high density) chack is impractical {13).

3 MATNTENANCE PROBLEMS

Low noise propeller maintenance during the operational life of the vessel
i3 extremely important.

The uszs of grinding machines can be allowed ft‘)!‘ :leaning flat areas|sub-
ject tc some precautions). Their use must be absolutely forbidden where
locai surface curvature variations exist or where air. injection systems
are used. Frcquent uintenance oy suitable brushing and compressed air
c'eanmg mus?t be adopted.

A special problem is encountered when geometry check must be performed on
ship propeller auring drydock. This check should be perforwmed on a rou |
tine basis or when local damages occur. Difficulties in carrying out this !
geometry checks * on the spot " impose disassembly of blades {in a C.P.P) !
or dismounting of the whole propeller. 7 . j

4 LEADING EDGE TRIMMING EFFECTS - A SANPLE CASE

A practical case sight wel! fllustrate the leading eage trimming effects
on propellers of twin screw naval vessels. During the design and model -
" testing phases, pnruculnr care had been paid to propulsion performances
optimization, as well as noise and vibration sinisization. .

_ Final trials well confirmed predicted performances, but during the strobo-
scopic tests an umlpoeud local covtut.lon phenomenon was obeerved on the
fece of the propeller, at the lounn. edge, when the blades were at an
angular position of about 300 degreee (0 degrees upwards) (14). '

Accurste checks led to the c¢cnonclusion that blade leading edgee were to de -
sanufactured according to a closar tolerance, and corrective actions were
then undertaken. A succeseive stroboscopic test did show an 1q:nmt.
but some problems still existed (15).

ok sk o A e e

A W O g W

¢ ) . Studies wvere thtu carried out by means of moJdel tests, where weke field
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scale effects were asyatematically varied, assuming different scale tac-
tors. Local wake effects on cavitation onset were alsc investigated.

A loral leading edge t,r\ming was defined as possible solutiion : a consi-
derable increase on face cavitation inception speed was expected tog .ther
with a very slight decrease of cavitation performance of the back and,with
out mndifying in practice, propulsive perforsances (16).

‘Mode] medifications and succesnive tes.s at the cavitation tunnel proved
such a scolution. Fiz. )1 shows the maximum extent of mcdifications. After

applying the above modifications to the full scale propellers, zea trizls

were carried ouf, and a full confirsation of the model cavitation perform-
ance was fourd. Table 1 gives the cavitation onset Froude nusber values
for various cavitation phenomena before and after the trisming (i77.

5 ' LEADING EDGE MAINTENANCE ~ A SAMPLE CASE

Stroboscopic tests carried out on board another class of naval veasels,

shew a propeller cavitation benaviour somewhat sisilar to what already men

tioned under para 4 above. A very thin, flashing face (and partially
back) leading edge cavitation ‘was observed at rather low speeds (Froude
number about 0.19),at about 0.5 R of th: propeller' blades, as shown in
Fig. 2, (18). Local defects (scratches) at the leading edge,where cavita-
tion was observed, were found durin;‘ successive drydock inspection. Dimen-
sions of scratches were about BO mm long, 2 - wide, and 2 sm deep. They
could have beer caused dauring one of the blades handling and mountin;’
or by cables in wooring or towing operations or to isproper maintenaice.

Proper corrective maintenance asctions, leading to the elimination of such

scratches, kept again the cavitation onset speed at the original value
(Froude number 0.23). '

6 CONCLUSIONS

Stroboscopic tests results gathered during ses trials when 'coqcud with
theoretical cavitation predictions can show the presence of unexpected lo- _
cal wakte disturbancies and/or geometrical inadequacies at the leading edge

of the propeller. Corrective actions are p-_sible,in fact the results ob-
tained stresced the importance of both shaping and succoseive maintenance
of the leading edge. '

Accurate blede manufacturing and rtm checking procedures “.“.n, ne= .
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) ) ceasary. The develooment and the systsmatic use of a leading edge geowe~
A try measuring equipment (poasibly portable) will be a powerful tool for
improving the present acoustic performances of silent vessels.

o A OPIGINAL TRIMMED
LEADING EDGE LEADING EDGE

Back sheet cavitation .
(at leuding edge) , _ 0.231 0.231

.. Face sheet cavitation 0.20;’ ' 0.287
(at leading edge) ’ '
Back bubbles ' -0.415 0.415
Hub vortex = 0.415

Table 1 « Froude numbers of cavitation onsets
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DISCUSSION

G. Thomas (United Kingdom): Wha . is the. significance of Froude number in
the context ot this study? Is speed the cnly parameter that is changing?

L. Accardo: The Froude nunber indicates the increase in ship speed in.

relation to some other parameters (revolutions, power output, etc.). It
has been sabstituted for ship speed in this unclassified presentation.
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'BEQCY et al: Bruit acoustique de thoniers

“INCIDENCE DU.BRUIT ACOUSTIGUE LE THONIERS LIGNZURS ET
SENNEURS FRANCAIS SUR LEURS PERFORMANCES DE PECHE” -

C. BERCY - B. BORDEAU - C. DEPOUTOT

RESUME

Les auteurs présentents Juelques expertises acoustiques
provenant de deux ctudes réalisées par le G.E.R.B.AM, :

. la premiére, sur 95 thoniers llgneurs praci igquant la peche
du germon (Thurnus alalunga),

. la seconde, 3ur 18 thoniers senneurs pratiquant la péche
du listac ’Katsuwonus pelamis}) et de l'albacore (Thunnus albacares).

La structure spectrale du bruit de chaque navire est analysee
corrélativement a ses resultats de peche et aux capac1tes auditives
du poisson,

Des résultats sxgnlfxcat fs mettent en ev1dence l'efiet négatift
de rales importantes dans la gamme 200-700 Hz (bande audxtlve des
Thonidés), sur les perfcrmznces de péche.

Ure étude statistique de la flottille germoniére, kasée sur

l'analyse factorielle des caractéristiques des bateaux (age, longueur,

tonnage, pulssance, type de coque, résultats de péche) confirme
ces résultats. _

Ces premiéres mesures constituent une base de réflexion pour
la réalisation de navires de péche "peu bruyants" dans la gamme
auditive des especes qu' 119 rechercnent.

INTRODUCTION '

Ces dix dervniéres années, le droit international en matiére
d'exploitation des ressources halieutiques a évolué dane le sens
d'une forte augmentation des contraintes pour les professionnels
de la péche : mise en place de zones de péche et de quotas limi -
tation des engins de capture...

Les Armements Fran¢axs doivent donc faire face a des dxffz-.
cultés techniques et économiques croissantes.

La péche thoniére .dans son ensemble, confrontée a uae compe-
tition internationale trés viv-, est plus particuliérement exposée.
L'ajustement des charges et dv chiffre d'affaires est de plus en

‘plus difficile a réaliser. La rentabilité des arm 1ts est soumise:

- a la stagnation, voxre ‘la baxsae des cours dau thon sur le
marché mondial,
- aux dxffxcultes d'écoulement rencontrées par les conser -
veurs,
.- au prxx du carburant (lkg de  thon equlvaut a 0 85].de fuel)
-~ a la diminution des stocks de thonidés.
Ainsi, la péche germoniére connait un déclin important, le
nombre d‘unités passant de 480 en 1967 A 106 en 1983,
LLa grande péche du thon tropxcal (30 unxtes) reste, cependant,
un secteur dynamigue,. mais menacé,
Une intensification de-la recherche appliquée dans ce domaine
se justifie donc patticulieremeqf.

N\
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1 - BRUTT A RORD DES NAVIRES DE PECHE FT PERCEPTION ACOUSTIONE DES RSPECES:

1.1. PARAMETRES INFLUANT GUR LEs PE RF‘ORWA\K‘FS DE. PECHE D'UN THONIER

De tres nombreux facteurs ]nuent sur le rendement d'un thonier,
et 1t serart vain Jd» veulolr on dresser une liste exhaustive,

La pécne du ger~on est pratiquée en étée dans l'atlantigue
Nord par des thoniers iitancurs. e then est capturé en surface,
au moyen de lignes trainaintes (18 lignes par bateau au maximum) .,
Cette technique de péche ext basce sur le comportemaent aliment-,,e
du thon, et le bruit géncre par le bateau, a priori et aux ‘iires
des pécheurs, joue un rote 1mportant sur''le rendement.

On distingue trni1s groupces de facteurs influant sur le deébar -
quement global du thonier (L‘lq 1.3 .

: - L'ensemble des catactéristiques du bateau (loangqueur, puls-

. sance, type de coque, tonnage...) conditiordne directement l'cffi1ca-
c1té du navire en prosence du banc de thon -ou “pulssamce 0 pocte:
locale” . Notons gue des caractérils stiques tres fines, telivs jue
ligne d'eau et 511159p, Interviennent également.

: - La valeur de 1l'équ.page (expérience du patran, habil.ote

des marins pécheurs...) joue sur la "puissance de péche lorale,
mals surtout sur la "capacicé strdtéglque”, c'est-a-dire l'apiitude
3 repérer et se rendre au bon moment sur les zones de péche les
plus favorables.

‘- Enfin, les facteurs extérleurs, tels que les conditions
climatiques et hydrologiques, la d9n31te et 1t acgessszllte du
poisson, conditionnent en partle le débarquement global.

Le bruit du bateau ne dépend gque des. caractéristiques ru
navire et agira donc sur le débarquement par i'intermédiaire de
la "puilssance de péche locale”. )

La péche a la senne est pratiguée toute l'année dans
1'Atlantique tropical et, depuis peu, dans l'Océan Indien. La
technique utilisée est Leaucoup plus brutale : le banc de thons
est encerclé rapidement dans un filet circulaire, la senne, gul
couvre plusieurs hectares.

Les principaux factet''s d'échec sont :

- la fuite du banc lcors de l'approche du bateau,

- la plongée en profondeur des thons pendant la manoeuvre

" d'encerclement du banc et le déploiement de la senne, gui dure une
trentaine de minutes avant la fermeture totale du filet. '

‘Les mémes groupes de facteurs jcuant sur le rendement, Cltés
c1-avant, se retrouvent avec,.en plus, quelques paramétres propres

. aux senneurs, comme les dimensions du fxlet, et l'utilisation ou
: ‘ non d‘un hellcoptere de recherche,

Dtautre part, uwu bruit généré par 1 appareil propuls»f® cdu
bateau, s'ajoute celui de puissants propulseurs d'étraves (3C0CV)
qul permettcznt de positionner le navire lors de -la manoceuvre
d'encerclement, et de "skiffs"(600CV), embarcations annexes rapide...

1,2, CAPACITES AUDITIVES VUES POISSONS

: L'appareil auditif présente, chez les poissons, une variabi-
: bi1lité macro et micro structurale considérable. Cependant, leur
i percept. on sonore dépend principalement de l'oreille interne, de
] la vesslie natatoire et ses annexes, et du systéme latéral.
e ' ‘wa determxnatlon des seuils d audition souléve dns problemes
compiexes [1]. Le plus important est sans doute celui posé par
I l'zxistence de deuk grandeurs li€es au phénoméne sonore : la pres-
. ,! sion acousthue et la vitesse partlculalre. Actuellement des dis-
o i positifs sophxsthues perm~t'°nt de controler ces deux grandeurs.
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- INCIDENCY DU BRUIT DES THONIERS LIGNEURS (GERMUW.ERS) SUK LEURS CAE;’IL’RF,S,

.———‘

2.1. HISTOGRAMMES DES CAPTURES EN FONCTION DU .TYPE DE SPECTRE .

NoUuSs avoens retenu, comme résultats de péche, les debarquements

Jlipaux, en ‘onnes, wes deux premieres marees de juilllet et acQt
1985, ' : o , :

A 1'vxamen de l'histogramme des débarquements cumulés sur les
deux marees (F1g 6.1, on remarque un groupe de 9 bateaux ayant des
resultats nettement plus élevés gque le reste de la flottille, avec

_des {ebarguements cumulés supérieurs a 25 tonnes. Ces unités ont

trutes un spectre de wype C. De plus, 11 est frappant de constater
que, parmi les 10 meilleures unites, se trouvent 9C et IB et, a
I 1nverse, parmi les 10 moins bonnes, se trouvent 7A et 3B.

LLes histogrammes par type de spectre montrent une Supérioriteé’

s.in1ficative des navires C sur les B, et du type .B sur le type A.

D'autre part, les 3 unités a coque polyester se trouvent
parmi les 9 meilleuses, ce qul ‘confirme la bonne qualité de ce
materiau sur le plan de l1'acoustique sous-marine,

La fiaure 7 fai1t apparaftre les résultats de chagque maree.
ie "nuage” des points repreésentant les bateaux C se démarque net-
tement du reste de la flottille, ce qui prouve leur superiorité,
four .chacune des deux mareées.

Les moyennes calculees sur 62 bateaux sont presentees ‘dans

“le t)bleau suivant :

soyenne | moyenns des| moyenne des | moyenne des | % augmentation
Qéngrale! bateaux A | bateaun B bateaux C |Cpar rapportal
" (KqQ) (Kg) (kg (xg)
lere marée 9 239 9 451 12 349 .
(64 bateaux) |10 408 (265 | (3 (23) + 35.66.%
2eme maree 7 294 8 254 9 480
(63 bateaux) | ¥ 271 (21 T(1e) (22) v 29,97 %
Résultats _ . .
cumulés sur 16 263 18 049 22 02¢ h
marées 1 ot 2| 18 710 (26) (1e) | (22y | v
(62 bateaux)

Ainsi, l'importance du facteur bruit est telle'qu'elle appa-

raft clairement sur les dibarquements globaux, bien que, comme nous
1'avons vu, de nombreux autres paramétres interviennent.

2.2. ANALYSE PACTORIELLE DE LA PLOTTILLE GERMONIERE

Une méthode d'analyse multivariable a été appliguée aux
donnees recueillies sur les germonierz pour, d'une part avoir une
vision synthétique de la flottille, d'autre part pour tenter
d'expliquer la différence d' c!fxcacxt‘ entre les ligneurs. Pour
cette analyse, nous n'avons retenu que les caractériatiques Ces
bateaux obtenues pour la majorité des ligneurs experticés en 1983:
dge, longueur, tonnage du navire, puissance nominale du moteur,
débarquements cCumulés, nature de la coque, origine géographique.
L.'ensemble de ces donnédes a été entiérement rassemblé pour 56 ligneurs.

SACLANTCEN CP- 36 33
B : >/




BERCY et al: Bruit acoustigue de thonmiers

G oriveasu Mminimal detectable; est defini comme le
sroayo minimale pour lequel le porsson repond

oS
rrecteTent g 1 2timulation. les tracés draudiogrammes passent
et Tes Trosy gy TrLoexes e conditionrement 3 andivigdus. Ils
Tttt en ter it v aewrs damites des nformgrions uti.eS sur
Tt te o remagralite en treguence du o systeme audirtif fes
Doiss ot e 1L asre 1Tadds aramres pnteressant la grande pecre
ot N Pleoent ot g Jeeo doeur by 20 '

X e Spe Ces o pour
e 1AL re
Ao oy lus e levee
Lex o osudy o oar
Lo 2T JemTrtre

[RPE ITHTTes semt

ta e rm o
) CadUS

e 8§ 3. Urces
RS RN < (“varl

rrigitat, o
~rarin Jepend
16 Jes motes de
US Avans

¢ Ll Ineurs et e

iy Ter interte
ClRe s 4CUStIJuUes
interieurs o 4. L
Py Clamme 200 .700

: f¢s Thnides (b1}

C - Type A
' - Type B
: - Typo; [

~ En rappovta
spectres (Fig 5.)
mleux percgu qu’'un
. Cette demar
‘ . (4), dont ) etude

S sacumtcen cr-36

TON TR TH IR BT OFRUITS DES RHATEATY

fe o p.our "sGuUe s ..!Rakh {2} & e'“;“‘z tes
; : sres boet la Thonire

;ry3~r§:wz e )1mﬂ5_3~:udltlﬁn Camp'xse
tre 10 et (000 Mz, aved un aptimus & 330 Hzo
I e e AlVeay AaCCusStigue entre les sediis des
ryte ¢tre due A la presence drune vessie nitatoire
invxistante,ches la Thonine, et a une vitesse de

fe Cette terniere., '
amres des autres Thenides font defaut. Cependant,
jdv Jus eSspeces taxonomiquement plroches unt des
Laties, 11 est probable que les capacites auditives
sc1ent comparables, volre med Ileures,

e i TR

l"

de truit 3 bord des bateaux de péche sont nom-
¢ progulsit moteur, reducteur, arbre, helice),

¢8, ~Mpresseurs, centrale hydraulique, échappements.

14 vibrations enjendrees au spectre acoustique
ertre autre, de la qualitée des i1sclements, ainsi

rescnrance des structures,

erredistre ¢t analyse les bruits sous-sarins de

% sermneurs, dans les memes conditions. Le pruit

rant 3¢ taniere rotable sur la qualite des exper-
¢iles nt ete realisees pour des €tats de mer

¢S spectrex ont ¢té classés selon leur allure dans

B2, QUi courrespona & la bande dauditioan optimale
4.1 : : '

Spectres tres pertuthes, presentant des pics de

pius de 0. aR,

spectres dont les pics ont une anplxtude canprxse

entre 5 et 10 dB. '

spectres reqjullers, ne presentant pas de pics de

pius de 5 dB. :

nt les audiogrammes 4°'IVERSEN (3] & ces types de
Gn consta'e Ju'un bateau de type A sera beasucpup
bateau de type C.

che est comparable a celle adoptée par ENICKSON
porte sur 154 germoniers americains.




o S oy A e

.1 t‘

te

; pr‘voxr.

BERCY et al: Bruit acoustique de thoniers
METHODE

Chague variable est découpée en quatre ou cing classes, de
fa;on que chacune alt le meéme “"polds" en nombre de bateaux. On
definit 24 classes :

C{'™™1 a CuMS : débarquements de 9 a 30 tonnes

AGEl a AGE4 : ige des bateaux de 1946 a 1982
LONI a LON4 : longueur des bateaux de 15 a 31 metres
JAUL a JAU4 : tonnage. ¢ . de 29 a 143 tonneaur
FUS1 a PUS4 : pulssance * . de 150 a 5i0 Cv
COZBR, COQA, COUP ': bateaux a coque en bois, acier ou polyester.

Le decoupage des variables en closaes permet de batir deux
matrices : :

. un “tableau disjonctif complet”,

. un “"tableau de contingence” (tableau de BURT) qui croiseée
les 24 classes entre elles. :

A partir du tableau de BURT, on construit un nuage de 24
classes dans un espace a 24 dimensions, chaque dimension corres-
pondant a une classe. La distance entre deux points du .nuage
représentant deux classes, traduit le degré de liaison entre elles,
celle~-cy étant d'autant plus forte qu‘elles seront proches dans
l'espace.

) Comme 11 est 1aposslble de se représenter visuellement un
espace a 24 dimensions, on analysera le nuage de points par coupes
successives. Un’'plan de coupe est appelé plan factoriel et défini
par deux axes orthoyonaux correspondant a deux valeurs propres
du tableau de BURT. )

La f:gure 8 représente i axe 3 croisé a l'axe' 4, le plan
factoriel ainsi consideré recrésente 20,15 X de l°'inertie du nuage.
L*analyse de ce plan conduit & distinguer quatre quadrants déter-
minés en fonction de la variable CUH qul repreésente les résultats
de péche.

RESULTATS

La figure 9 montre, en fonction du type de spectre A, B, C, le
nombre de bateaux (exprxne en pourcentage) corrélés avec leurs
résultats de péche.

Deux resultats significatifs ressortent : ' '

. 58 % des bateaux A ont ces performances CUMl, ainsi que
55 % en cum2, '

. 83 X des bateaux C ont des perfornanros CUMS , ' o
L 'opposition pyraaxdalo des bateaux A et C cst tout a fait repré- ‘
gentative (Pi1g 10.).

L'influence de la composition spectrale du bruit, entre
200 et 700 Hz, sur les résultats globaux de picho est
confirmée par cette analyse. 4

D'autres ro-arquoo ‘peuvent ‘tt. d‘dutto- de cettuy analyno
factorielle :

- la partxcularxt‘ des navires b coque polyester, corrélés
A de grandes dimensions (LONG, JAU4), de fortes puissances (PUSH),
récents (AGEZ4), et de. trés bons rondo-ongo {CumMsS ) ;

. - les navires de oetites dimensions et ie faible tonnage : :
(JAULl, LON1, PUS2) ont de faibles résultats: . .
. = les bateaux moyens (LONI) réalisent de fortoc clpturo.
(CUMS), les grandes unités ayant, elles, des résultats (CUM4) inté-
rieurs s ce qu'une relation xxn‘atro lonquour-o£13cacxt6 laisserait
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Frntir, un» distincticn des navires par origlire 'géographique
{23 uniyt'es du Finistére, 4 du Morbihan, 23 de Verndée) met en évi-
fence 1y surerior,té des navires finlstériens sur les vendéens,

Mans Lo guadrant 4 de la figure 8, il n'y a ainsi que 3
verndeens sur j0 uniteés.

I - THONTERZ SENNEURS. :
RESULTATS DE PECHE EN LIAISON AVEC LA QUALITE ACCUSTIQUE

En raiscn de 1l importance économique de la péche a la senne
tournante, l'etude de l'incidence des bruits des bateaux sur leurs
resultats a paru éevidente. ,

~ Actuellement, une trentaine d'unités industrielles opérent

dans le Golfe de Guinée et 1'Ocean Indien. Dix-huit senneurs de

S cette floztxlxe franco-ivolro- senegalaxse ont été expertxses en
1983,

On peut distinguer trol1s classes de bateaux :

- la classe 1 comprend 7 senneurs de grande dimension  (70m),
de forte puissance (3600 a 4000 Ccv), de grosse capacité de stockage
{1300 m )

~ la classe 2 compte 9 senneurs de taille moyenne (50 a 60m)

. et de puissance moyenne (2000 a 3000 CV):

- la classe 3} est representée par 2 petites inités d'autonomie
rédulte. '

Dans un méme groupe, d'un bateau a l‘autre, les spectres
peuvent étre treés differents (Fig 11.).

L'analyse des si1gnatures acoustigques retenue est basee sur
la 'typologie A, B, C, déja utilisée pour les germoniers.

Les chiffres de tonnage global débarqueé étant insuffisants
pour apprécier l'efficacité des senneurs, nous utiliserons un indice
représentant la "pulssance de péche globale". Cet indice est défini
comme un rendement de péche i1ndépendant des facteurs extérieurs.

La figure 12 fait apparafitre assez clairement que la puissance
‘de péche globale, et par conséquent le tonnage moyen, est d'autant
plus forte que la taille et la puissance des navires sont ‘importantes.

Cependant, le bruit intervient lui aussi sur leg’ puissances
qlébales : les rendements de péche des navires de spectre C sont,
:uper;eurs de 34,64 %X a ceux des bateaux de _spectre A, et de 47,41%
a ceux des bateaux Je spectreB.

"Il semblerait qu'une bonne qualité. acou-ttquo contercrait
aux bateaux C une “puissance locale" importante, leur “capacité
stratéjique” avint alors moins d'importance sur leur “puissance
globaler”. .

SACLANTCEN CP-36 3-6.
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IV - CONCLUSION

11 est évident que le probléeme de l'amélioration acoustique
des navires de péche ne se pose pas de la méme facon, selon la
taille et le type de bateau.

Dans tous les cas, il doit étre abordé DES LA CONCEPTION
du navire, et partxculxerement au moment du montage du moteur
prxncxpal

Divers points sont importants pour la réduction du bruxt :

choix du matériau pour la coque (acier, bois, fibre de verre),

choix du moteur,

type de longerons du bati moteur

‘chol1x de la suspension (souple ou solide),

dégagement de l'hélice, ,

choix du systéme d‘'échappement (vertical, direct ou a
injection d'eau), ‘

. 1solation acoustigque du compartiment moteur,

. 1solation antivibratile systématique de toute la machinerie.

La .conception d'un navire de péche “silencieux"” doit main-

tensnt étre abordée, et faire appel aux techniques antivibratiles

les plus sophistiquées. Aprés une sensibilisation accrue des
professionnels de la péche aux problemes acoustiques, un dialogue
constructif doit s'instaurer entre eux et les chantiers navals,
les i1ndustriels, les scientxfiques afin de prendre en compte les
résultats sanx£1cati£s présentés ci-avant.

n:unncxz‘n:’:n_rs

La réalisation de ce travail n'aurait pu se faire sans le
concours actif de la Direction des Péches/Secrétriat d'Etat &
la Mer, de 1'ORSTOM/Département C, de 1'IPREMER/COB statistique,
du COntgé Interprofessionnel du Thoh, et de tous les Armements et
Patrons qui ont accepté de donner leur concours, ainsi que les
organisations prcfessionnelles CCPM et UAPP.




BERCY et al: Bruit acoustique de thoniers

B UKL 1T OGRAPHTIE

i TAVOLGA, W.N., POPPER, A.N., FAY, R.R., 1981 (Eds).
'Hearan and sound communxcat1on in fxshes"
Springer Verlag, New-York.

(2] IVERSEN, R.T.B., 1967,
"Respornse ot yellowfin tuna {(Thunnus albacares) to underwater v
sound”. v
. . In : Marine on Acoustics, Vol 2, 105-121, TAVOLGA, W.N.(EQ)
Pergamon Press, Oxford. :

(3] IVERSEN, R.T.B. 1969,
'Audltory theshoIH of Scombrid fish: Euthynnus affinis,
with comment onthe use of sound in tuna fisning".
FAO Fish REP., 62, (3), 849-859. :

[4] ERICKSON 5.J., 1979.
"Some - frequencies of underwater noise produced by boats
affecting albacore catch”,
J.A.S.A., Vol 66 (1), 296-299.

(5] DEPOUTOT C., 1983
“Typologle acoustique des germoniers francaxs en liaison .
avec leurs captures. Etude préliminaire"“.
Rapport GERBAM. Thése ENSA/Rennes. '

(6] BERCY C., 1984.
“Campagne germoniéere 1983 Synthése de 1'étude acoustxque
menée sur 65 hateaux de la flottille de péche*,
Rapport GERBAM. Universiteé P. et M. Curie.

"17] BERCY C., MEPHON D., DEPOUTOT C., 1984. ' o

' “Etude statistiqu~ de la flottille germoniére vendéo-bretonne.

Analyse factorielle des caractéristiques des bateaux en
li1a1son avec leurs performances et qualité acoustique".
Rapport GERBAM. Université P. et M. Curie.

e o o i e e

. '
~ . . -

SACLANTCEN CP-36 3-8 e -




BERCY et al:  Bruit acoustique de thoniers

t e mee ]

—1/
[j%_l - D8 Jaml ‘ CAPACTE  SURMEAS
' Figure 1
: . . Paremetres influant sur les performances

reTats M [ amez = rere asmes | de péche G'un thonter ligneur.

Qpmrgas v

T Y
e o

SACLANTCEN CP-36 39

Flgure 2 : Avdlogreames de quelques espéces intiressant la péche
Thomine ot Aldacore  : d'sprés IVERSER (1967,1969)

. Limsnde ot Carrelet ® CHAPMAN ot SAMS (1973)

Lingue, Liew , Egletin *  CuaPMAN (1973) T
Morve ' ®  CHAPMAR ot NAMKINS (1970)

(les nivesun de-pression senere seat établis 3 ‘e ot pewr M2).
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DISCUSSTON

FH. Janssen (Netherlands): Just to be sure:. What were the distances at
which e pmberwater norse spectra were measured? Were they measured in
deep water gnd under the ship? )

U Reroy: The underwater noise spectra were measured at approximately
%9 m ter the tuna line-tishing boat and at 100 m for the tuna trawler
tishiog boat.  Our apparatus was located in s stationary rubber launch

(Zodiac), with the fishing boat circling rouud the launch. All records
weeteo made an the Atlantic (Azores or Gult of Guineq) in a water depth of
4000 m Our-* hydrophone was placed 95 m below the launch. The levels
presented in micropascals were at these distances,

R Schmalteldat (Germany): Did you correct the radiated noise 'spectra you
showed to 1 m distance?

€. Bercy: The radiated noise of each fishing boat was measured at approx-
imately 50 m (line) ov 100 m (trawl). The distance was measured using an
apti1c telemeter (precision +5 m). Except for Fig.3, where the levels are
vreterenced to 1 bar/1 m, the spectra were not corrected to I m but were
referenced to 1f Pa.  Because we are mainly intecrested in relative noise
levels between three kinds of spectra (type A, B or C) it is not of prime
pmportance to correct noise spectra to 1 m.
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THE IMPLICATIONS OF A SILENT SHIP FOR THE INVESTIGATION OF LuW-FREQUENCY
' ACOUSTIC/SEISMIC PROPAGATIOM

by
, . Hassan B, Ali
SACLANT ASW Research Centre
. La Spezia, Italy

ABSTRACT
In certain circumstances the enerqgv emitted from a sound source, including
a ship, may trave! more readily in the sea floor, as a seismic wave, than
in the water column itself. This is particularly true in those cases, such
as encountered in shallow water propagation, in which a “cut-off" frequency
exists, below which acogustic “propagation” as such does hot exist in the
water coiumn, The ‘energy in the bottom, on the other hand, contains a
potential wealth of information, in the form of seismic interface waves, on
both the feasibility of the bottom as a propagation path and on the
properties of the bottom itself. The use of a ship to investigate this
important regime is, however, compiicated by the interference caused by the
~radiated noise of the ship.,. The present paper discusses some aspects of
very-low-frequency acoustic/seismic propagation and the potential value of
a silent ship in the investigation of the latter, following a brief
. overview of the ambient noise spectrum in the ocean, including the
contribution of ship noise, some comments are made on the effects of the
sea bottom on low-frequency propagation. This is followed by a discussion

of measurement techniques found useful at SACLANTCEN (and elsewhere) to -

investigate the propagation of seismic (interface) waves. ‘It is shown that
a godod deal of wuseful information hac been obtained from these

measurements, Nevertheless, questions remrin. The role of a silent ship

in resolving some of these questions is discussed. 'In particular, a silent

" ship can be an. invaluable >»sset in the investigation of such important -

items as the coupling between the sound source and sea bottom, the ambient
nnise directionality (using an array of seismic sensors), and. the area-
dependent behaviour of interface waves, It is concluded that a silent ship
will fill a need 'in the very low frequency region of the noise spectrum of
the ocean,’ Conversely, seismic sensing can provide a measure of what
"silent” might mean in this regime, : ’ .

INTRODUCTION

~ The propagation of unde}water sound is, dependent on the circumstances,
great}y affected by the properties of the sea bottom. This is particularly
rue for

shallow water, or equivalently for low-freguency propsgation, for

wnich the interaction with the bottom increases with increasing wavelength,
It has heen known for several decades that shallow water propagation is
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chytactertred oy 3 wave-qutde effect - that is, bhelaw a certein “out-ofr”
treguercy, whion depends  primard v on water depth  and relitive  sound
speedn o pttortiep acoustic pre e ttion daes  not taka’ glace, Not.
sarprisangly o therefare  underwater  acoustictans have, wntil raecently,
gererally  sarscdecad  the  reqime helow  cut-0ff T as acaustically
untntpreg g .

P

In rusont ogres fhere hao heen g qrowing awareness that the eqesjy in thig

damyrs . far tron peing "Yost", conrainsg 4 potential wealtn af nfarmatrign

tnotne Tarmoof propgagation of seismic interface waves, - These ntorfaca

wdvos pravide gt unlvoa "new" propagation path hut, bv virtue of their

aattam- tependont hebaviour, an opportunity to investigate the strictyre of
tre sea hattom, me cknowledge of the existence and gropertiec of theqe
Intertdce waves 15 drdly new, going hack to at least Rayleigh, Muranyer,
sersmelngrsts and goophysizists are gquite familiar with them a5 @ source of
“natse’ ta ne eltmingted from their data.  From an acou«tic viewdnint,
Choweyer, the oxperimental investigation of interface waves is pratentially
very promising, alheit relatively recant, .

Far ro3sons that will emerge later, the most effective plattorn for
studying these phenomena is a research ship. However, its use 1< 1 dauhle-

edged sword, As often happens in sc¢ientific investigations, the mwisuyring’

techniques can distort the thing to be measured. In this wase, the
radiated sound from the research ship can contaminate 'the low-frequency
acoustic and seismic propagation being investigated. Thuc it is essertial
tnat an effective investigation of this area be performed with a silent
ship, The purpose cf the present paper ‘is thus to examine some aspects of
those areas in which the use of a silent ship is potentially most valuable
and to suggest relevant ineasurements, o

The subsequent presentation is therefore structured as follows. Beginning
wi1th a brief overview of the noise spectrum of the sea, the impactance of
tire. Jow-trequency acoustic/seismic regime i~ stressed. This is followed oy
some general comments on the nature of the problem poSed by ships — i.e.,
the characteristics of their radiated noise. The effects of the sea botrom
are then discussed within the general context of the propagation of sound
in the sea. A quick look at the results of earlier measyrements of
waterborne/seismic propagation is followed by a discussion of relavant
SACLANTLEN experiments, | Finally, suggestions are made on the use of a
silent ship to investigate those areas warranting further examination.

1 BRIEF SURVEY OF AMBIENT NOISE

Figure 1 <1> is the well-known Wenz curve of the sound-pressure spectrum
levels of noise sources in the sea. The frequency regime of primary

interest here is the infrasonic region, although, because of its effects on ’

the latter, the region dominated by ship noise is also of interest.
Some aspects of this spectrum are not zdequately understood} and the last

word is yet to be said. However, the following observations relevant for
this paper can be made based on this curve and more rocent data:
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1.1 Very-low-freguency (infraéonic) regime (<10 Kz}

The region below 10 Mz is dominated by oceanic turbulence and seismic

activity, the spectral slope being spproximately -8 to -10 dB/oct. e are
interested primarily in the region greater than 1 Hz, since, among other
reasons,  the geophones we are using are generally insensitive below this
frequency, However, the region ovelow 1 Hz is in itself quite interesting
{especially for seismologists) since it is by no means a “dead” region, In
particular, the noise spectrum of microseisms below 1 Hz is chiracterized

. by two peaks occurring at about 0,07 Hz and 0.14 Hz, with an ererqy ratio

nf the peaks greater than 100. The smaller, primary peak, occurs at the

_primary freguency at which most ocean waves are observed and has bdeen

attributed to the action of waves on coasts (Wiechert, 19G4, <2>). The
larger, secondary peak, was explained by Longuet-Higgins in 1950 as due to
the pressure on the sea bottom below standing ocean waves, which may be
formed by waves trav2liing in opposite directions in a source region of a
stcrm or near the coast. The resulting microseicmic frequency is twice
that of ocean weves {Aki and Richards, <2>). There is a some agreement
that primary ciscroseisms derive fi-.m shallow waters, and secondary ones
from either shallow water or deep water. .

Thers :s a great deal of ‘evidence that microseisms propagate essentially as
Ryyieigh waves, although a Love-wave mode of propagation ts not uncommcn
.aa:n <3,

Seismic activity is by no means confined to freguencies less than a few
hertz, On the contrary, its effects can be felt at frequencies in the
hundreds of hertz (Wen: <1>; Nccnth <>),

Measurements by Perrone <5> and subsequently by McGrath <&> suggest that

wind-dependent noise is important in the region from approximately 1 to 4
or 5 Hz, but above this range distant shipping noise predominates in the

infresontc and low-frequency ranges. As wili Dbe seen later, relevant
seicmic measurements in this area are few and far between,

l 2 The Frequency Regime fro- approﬂntely_lo to 300 Hz

"Mpp'ng is the dominant source in this region, the avenge notse levels

having tincressed in recent years, The spectra in this range are very

dependent on proximity to sea lanes and are characteriled dy tonals. since

a major part of the excitation is rotating machinery of propulsion systems,

The matn sources of ship-radiated noise are well understood. The princijpai’

radiators are the propeller (cavitation nofse, especially at: shaft- and
blade-rate frequencies), the hull, and machinery items,

Figure 2 schematically summarizes tho fro- ercy regimes of these
components. The radiation mechanisms are under. .0od well onough to allow
simple predicttons cf gross levéls in many cases. Figure 3, for example,

presents & somewhat simplified view of these mechanisms particularly

appllcablo to the uhavlour of 8 slondor body (e¢.9., & submarine),

The probdblems posod by shipping nofse on tho fnvestigation of low-!roquency
acoustic/seismic investigations will become increasingly evident when we
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Suhsequently  3°sczuss  these  investigations, However, same , gerera’
arservationg can He made at this point, [n particular:

—~  Pressure fluctuations n the ocean, 1ncluding those arisir; “=om ships,
B h)-wt"lw'* o the SP‘sm!’ NaC h,rr)urm noise in the sea. The ranyerse, of
Caurse, 1S alsy true, '

fyrdence ex'sts that, 3t least for deep water, distant shigping noise
aminates *ne wnfrasonre region at least down to 4 or 5 Hr <%, S,

Y

- Singe 15tant shipping notse is restricted primarily to refractive patns
‘muttiple-retlacted signals are greally attenuated! the noise ttensity in
tre Yhw-treguency. band 15 sn;mhcantly Mgher for anjles c<’'ase to the
narizartal plane fadbout ¢ 15°)

Nearhy smip’ passages aftect lower frequency infrasonic navse lovels
eartrer ant for Tonger periods thar higher frequencies <&», :

~  8erause of the greater absorption effects om higher freg.en-tas, the
radrated norse from a nearhy ship cavers 3 far greater freqaencf “ant than
tnat of mstan'_ shipping. .

~  Drrectionality effects on a received level are influenced not only bdy
the propagation distances nvolved but alsc by the directutz; pattern of a
aearhy ship's acoustic ragdration,

In short, one arrives at the important, albeit somewhat obvious canclusicn,
that if a4 ship 13 to be used in investigattons ia the infrasonrc region,
then either the ship de relatively silent or effective methods be empioyed
to separate the sijnal and noise. As will be seen, this separation 15 not
always possidle 1n the wery-low-frequency acoustic/sefsmic case stnce noise
and s1gral have similar propagatfon characteristics. .

2 THE EFFEtTS OF Trt SEA BOTTOM ON LOW-FREQUENCY  SOUND PROPAGATION

In order to place 1n 1ts proper perspective the discussion on seitmic
interface waved, 1t is necessary to driefly review some well-known aspects
of sound propagcuon. The interest here s primarily on shallow water
prooagation. 8y “shallow-water® we shall generaliy msan depths less than
an order of magnitude or so of the acoustic wavelengths involved. Implicit
12 the. use of the term shallow water 1s stgnificant tinteraction of )
propagating stgnal with the bottom and surface boundaries, The likelihood
of bdottom 1interaction i3 determined largely by the sound-speed profile,
wheress the degree to which the signal 1s affected by the fnteraction {3
dependent upon signa! frequeicy, signal-to-notse ratfo, grazing angle, and .’
bottom prodserties (panicunrly sbsorption coefficient).

Generally, a negative gradieant in sound-speed proftle (as In Summer
conditions) leads t) ¢ greater lthelihood of bottom.intersction and, hence,.
greater -bottom losses. The experimental results of Akal in Hq. £ <6,

tllustrate this effect quite clearly,
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Frgure 5, also due to Axal, demonstrates the effect of water depth on

‘propagation 10ss. As seer, the shallower the water, the greater the losses

and the higner the optimum frequency of. propagation, This is because
hottom 1nteraction increases with increasing ratio of wavelength to water
depth, '

Tre etfect of tne type of hottom is well illustrated by Fig. 6, from Akal
and Jensen <J>,  The figure shows the predicted (FFP model) transmission
Inoss at 13 am f3r various Hottom types arising from a sound source located
4t a2 1epth of 50 m in 100 w tsovelocity (1500 m/s5) water.. The geoacoustic

_parameters used 'n the wnde! are shown 1in Tahle 1,

TARLE 1

GEOACOUSTIC PARAMETERS FOR DIFFERENT BOTTOM TYPES

Compress, Shear Compress. Shear

30ttom deng 1 gy speed speed  attenuation attenuation
Type ‘g/em™ ) ‘m/s) (m’s) (dB/) ) (dB/x)
SILY 1.8 1630 200 . 1.0 . 2.0
SAND 2.0 . 1800 600 0.7 1.5
. LIMESTONE 2.2 2250 1000 0.4 1.0
BASALTY 2.6 5259 - 2500 0.2 C.5

Several features of interest are noted. With the exception of basalt, the

' propagation 15 seen to be divided into two regions: the high-frequency

region {5 Hz .and above) represents the waterbdorne path; the region below
about S Hz represents the seismic path, It is well-known from the work of

. Rauch and Schmpifeldt <8>, among others, that the sound in the lower region

propagdtes essentiaily in the form of {nterface waves. Thus setsmic
interface waves offer an tmportant propagation path below the cut-off
frequency of -oterbome propagation,

3 - PROPERTIES OF INTERFACE WAVES

Interface waves, also callied surface waves, are so-named because their
exponentially dtcaym? amplitude away from the interface between a solid
and another medium effectively restricts them to the fmmediate .vicinfity of
the interface.. Since these waves depend on shear properties for their
existence, at least one of the interface media must be a solid. The other
medium can be vacuum, liquid, or solid, the corresponding interface wave
being denoted a Rayleigh wave, a Scholte wave, or a Stoneley wave,
respectively, as indiceted in Fig. 7. Additional relevant characteristics
of interface waves are the following <8>:

8. Particle motion {s conﬂm to the ndul/nnical plane (unh

respect to source/receiver dinction and guiding interface). Thus there s
no tromnru deflection,
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h. There is a high coherence and stable phase shift of about = /2
~netween the radial and the vertical ground displacements, resulting in
tighly reqular elliptical arbits or hodographs, .

. c. Tne battom pressure in the water column and the vertical particle
velacity are characterized by phase relations similar to those in (b}, The
ratio of these quantities is proportional to the bottom impedance.

4. The enerqgy carried in these waves decreases exponentially in the
arrectinn perpendicular to the interface, the “penetratian depth” being
characterized, roughly, by one wavelength, Due to this coafinement by the
interface, 11 1¢ guite obvious that the excitation of this wewe type
1mproves as the source 15 located closer to the interface,

. e, Tre assocrated phase velocities are usually of the order of 100 to
27 m's and alwavs less than the sound spced in the water calumn ant the
shear velocity in the bottom (these velocities are to be considered as-
frequency-dependent average values weighted over the length of the
penetration depin). i

The outlined propazation characreristics are mainiy affected by the
genacoustical propesties of the upper sediment layers and have generally
heen studied in conre-tior with experiments in which the interface waves
were excited by e c'osive charges detonated close to the bottom,
Nevertheless, the characteristic behaviour of these waves is not predicated
apon their excitation by any particular type of source, It is this fact
that can lead to difficuities in separating “signal™ from "notse”, as will
hecome ey dent subsequently, :

& PREVIOUS RELEVANT EXPERIMENTS

Although these characteristics have been known for some time, only recently
has there been a recognition of thetr potential value fn the investiqgation
of sound propagation in the bottom, Experiments performed to ascertain tne
relative merits of waterborne versus seismic paths have not been entirely
successful, Table 2 <9>| summarizes some of these earlier measurements, A
few general observations are in .order. o '

A great dea! of useful finformation was obtained from these measurements ;
nevertheless, a number of shortcomings are evident in these results. With
few exceptions, there pears to be a general lack of awareness of the
important role played by| interface wave propagation., Although the sefsmic
detection of waterborne Sounds wes the primary objective of many of these
measurements, this was t clearly demonstrated, further, a number of
apparent contradictions (were observed between the varfous experimental’
results. - For exemple, 18 particular sttuations the signal-to-notse ratios
of hydrophones were either higher or lower than those for ysophones. That
is, the “sefsmic gain” {was not consistently positive or negative, but
varied from experiment to experiment as well as for geophone orientation,
_However, 1t {s probably misleading to consider these results to be
contradictory, since such & view assumes, implicitly, that these various
sensors were  responding| to MMtical‘ phenomens . It s difffcult to
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substantiate . such a view for at least ‘two recsons: inadequate
understanding of the acoustical characteristics of the sea bottom, and
differences in sensor dynamics and/or sensor-to-medium coupling. In
particular, some of these measurements did not include a7y information on
seismic ambient noise, let alone its directionality. Further, often
neither the structure of the boettom nor the nature of the sensor-to-medium
coupling were adequately known. Without this information, the relative
merits of waterborne and bottom paths for detection can be little more than
conjecture. Further discussions on this question are given in <9>.

It w1l suffice, at this poini, to give two examples of the differences in
response. arising solely from. different sensor-to-medium coupling, (Hecht,
<10>). Figure 8a shows the differences in background noise. 'for
measurements using a tripod-mounted geophone and one attached to a probe
that penetrateq the bottom, The probe geophone is much gquieter and shows
no response to the tide. Even at slack tide more than 6 dB reduction in
background noise' i5 obtained by the proper sensor implementation.
Figure 8b shows a similar improvement {in the signal response to an
explosion of a probe geophone over that of a tripod-mounted geophone, The
probe'z trace is sharp and distinct in character and less noisy than that
of the 'other geophone. It is thus not surprising that apparent
contradictions ‘have arisen 1in earlier results, In fact, unless the
characteristics: of the medium and 1its coupling to the sensofr are better
understood, contradictions will continue to appear. '

5 THE SACLANTCEN MEASUREMENTS

The SACLANTCEN measurements have removed some of the preceding ambiguities,
although questions still remain, A detatled discussion of these
measurements is out of place here, and can, in any case, be found in <9,
A brief discussion is warranted, however. ' '

Figure 9 illustrates a typical deployment of the measurement system. The
ocean bottom seismometéer (0BS) consists of a tri-axial ‘geophone and an
omni-directional hydrophone mounted outside the 0BS or floating above it
<ll>., Since the digitized data ftrom the 085S were transmitted to the
recetving ship, normally the SACLANTCEN Research Vessel MARIA PAOLINA G.

. (MPG), as an fm-modulated, vhf signal, the MPG was anchored at a distance

A N

%)

-
»

of approximately 1 km from the 08S unit. This required proximity of the
MPG to the O0BS s clearly a limftatfon 1{f one {is interested in
investigating the background sound free from ship-interference. On the
other hand, if it is the ship's noise that is to be seismically sensed,
then this closeness incresses the ITikelihood of such sensing. This .is
clearly {llustrated by Figure 10, which shows the power spectral density of
the horizontal (X) component of the geophone's response (solid line)
compared with the background seismic noise, Over most of the frequency
" range shown, the shin's response is clearly highar than the ambient noise —
z:aticuurly st 3 Hz, corresponding to the 180 rev/min shaft rate of the

. The distridbution of the power spectral density with azimuthal angle.
(bearing) 1s shown in Fig, 11, Although not evident here, the axis of the
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dipole-l1ke pattern points in the direction of the MPG, as explainéd in .

<9, It is clear that the transverse componpnt of the partvcle velocity is
negiigihle compared with the radial component,

Further information on the mechanism and direction of the propagation is
revealed hy examination of the relevant coherence and phase spectra, shown
1n tig. 12. Figure 123 shows the squared coherence between the radial and

vertical components, p?R z,Auhile the carresponding phase spectrum * , is

shown 2 Fig. 12b, As seen, a remarkably high vatue of approximately 0.9
1s obtained for the squared coherence in the vicinity of the 3 Hz source

‘frequency. Further, a reasonably stable phase shift of ¢ #/2 is evident in
the same frequency interval, the positive sign of this chift indicating
" prcpagation in the direction from the MPG to the 0BS. Similar plots for

tne transverse component, not shown here, reveal insignificant coherence
ard phase behaviour in the same frequency interval. The. corresponding
hodograph, that 1is, the trace of the particle orbit in the radial/verticail
plane, Fig. 13, shows the expected elliptical patterns.

Figures 11 to 13 confirm that the disturbance from the source to the 0BS is
propagated as a seismic interface. wave, Several comments, as well as
caveats, are in order concerning this result. On the ome hand, it is clear
that the presence of a nearby ship can seriously complicate the
investigation of low-frequency acoustic/seismic phenomena. On the other
hand, the seemingly obvious conclusion that waterborne sound sources can be
seismically detected below cut-off frequencies must be tempered with other
information, It is well-known, for example, that there is a carrelation
between the nature of the sea-bottom material and the propagation

characteristics of interface waves. In fact, this characteristic behaviour

allows one to use interface waves to study bottom properties. This
suggests, however, that clear seismic detection of waterborne sounds in one
particular location coes not allow one to infer, a priori, similarly good
detection in another area. This result has been dii%nstrated by Sevaldsen
in a recent SACLANTCEN conference <12~, ’

Moreover, total - reliance on the previously described properties of
interface waves to resolve ambiguities is.unwarranted. In particular, the
use of these wave characteristics to separate signal from noise -
regardless of which fs which — is not as easy as mignht be thought.' It has
already been pointed out that the “"natural® seismic beckground disturbances
have been found to travel as interface waves, This has also beer
demonstrated by the SACLANTCEN measurements. '

In particular, Fig, 14 shows, for the ambient no!sa. the squared coherence‘
and phase between the vertical particle velocity and the bottom pressure in
the water column, The very high coherence and stable phase shift of x/2 up
to approximately 3 Hz suggests that the seismic ambient noise 'fs -
propagating in the form of interface waves. Further evidence s provided
by Fig. 15, which compares the measured seismic noise sansed by the tri-
axfal geophone with the predicted vertical and horizontal responses of
interface wave propagation. [The measured response below 1 Hz (Fig. 1S5a)
has been deleted since the geophones are insensitive in this region]}. The
predictions are based on SACLANTCEN's Fast Field Program (SAFARL), a
completely modified version of the FFP model, The bulk wave shear
attenvation assumed in the mode) was 0.25 d8/1, the sime #s the measured
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interface wave attenuation, It turns out <13> that the replacement of
interface wave attenuation for bulk shear attenuation is not unreasonable,
On the -other hand, several choices of compressional wave attenuation
revealed little effect on the pehaviour at the lower frequencies.

Figure 15 clearly suggests that the seismic ambient noise has a behs' tour

* that s characteristic of interface wave propagation (the region below

about 6 Hz in the theoretical result) and not of waterborne propagation,
The qualitative agreement between these two plots is more striking 1f one
takes into account the fact that the mode! assumes a rather specialized
acoustic input (white noise), and, therefore, the source characteristics of
the two cases are different., A brief investigation of the predicted
responses for several ranges produced best agreement with the measured
results for a source distance of 40 km. The inference that the sound
sources of the measured data are therefore at a distance of 40 km s
probably an unwarranted speculative jump, tantalizing though it may be,

It is therefore apparent that the separation between seismic signal and
noise may not be a trivial task, Moreover, one cannot re'y on presumed
directionality characteristics of the signal to permit such a separation.
It is well known that waterborne ambient noise does display directionality,
often “pointing™, as it were, in the direction 'of busy ports and the like.
From what has been said before, it 1is not unreasonable to expect that
seismic ambient nofse, too, will display directionality. Therefore, in
potential applications, this directivity must be determined, if not for its
own sake, then in order that it be “subtracted” frowm the data to prevent
possible confusion with whatever signal is to be sensed.

As a final point on the data, we would like to comment on a somewhat
puzzling result from the SACLANTCEN measurements, concerning large
differences in measured results even from the same area. In particular, up
to 25 dB differences in very-low-frequency spectral density levels were
observed between runs that differed, ecsentially, only in the aspect of the
MPG relative to the receiving 08S, Propagation effects,  induced by
variations in sedimentary layering of the sub-bottom, appear to be a likely
.explanation, However, until the mechanisms whereby waterborne sound 1s
converted into seismic waves are better understood, this explanation is
merely conjecture, It is generally taken for granted that at those very
Tow frequencies. (less than 5 Hz) directivity effects should be negligible
because of the presumed large wavelength, However, this view may, in fact,
be erroneous, since the .low freguency 1is offset by the very low phase
~velocity of interface waves.  For example, for an interface wave travelling
.with a phase speed of 70 m/s at a 5 Hz frequency, the associated wavelength
would be 14 m. A 14 m sound wave in water, on the other hand, would be
associated with a frequency of 107 Hz. 'Put differently, directivity
effects can be important in interface wave propagation at frequencies well
below those required to cbserve similar offects in waterborne sound.
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6 ACOUSTIC SPECIFICATIONS OF SACLANTCEN'S NEW RESEARCH SHIP

In the preceding 1t has heen stressed, .convincely we haope, that ship-
radiated noise cay interfere with the 1investigation of {ow-frequency
acoustic/sersmic prepagation, In view of all that has been said, the
guestion of the deqree of interference posed by SACLANTCEN's new ship begs
itself, Regrettably, the question cannot be answered now., An examinatinn
O0f the proposed acoustic specrfications of the new ship, Fiqure 14, helps
explain why, As seen, the mmportant region below 20 Hz is conspicuous by
its absence. Therefore, it seems to me, if interest in this region is
really genuine, high priority should be given to conducting a radiated
notse-survey 1n the frequency regime from | to 20 Hz. Such a survey would

"satisfy two needs. Apart from providing the low-frequency noise levels of

}

the ship, it would —~ assuming the ship really is “quiet" in this regime

allow an effective test of the feasibility of seismically sensing low-leve!l
waterborne sounds. [n other words, the ship. could serve as a ca!toratlon
point™, as it .were, of the sevsm1c sensing system.

The question still remains as to what radiated noise levels would cause
interference with seismic measurements, This is a difficult question,
requiring for its answer a realistic transfer function between waterborne
sound sources and seismic responses .in the bottom. However, this pre-
supposes an understanding of the relevant coupling mechanisms. Or, at the
very least, one needs realistic values of what Urick calls the "“seismic
gain®: the difference in decibels between the signal-to-noise ratio of a
geophone and that of a hydrophone. But clearly this is precisely one of
the unknown quantities that the investigation is attempting to understand.
Nevertheless, based on the results of earlier measurements, and using
predicted transfer functions such as shown in Fig. 15D, some very
approximate answers may be obtained,

In a recent_experiment. the response of a distant ship was monitored urtil
the received signal recorded on the bottom-mounted hydrophone was barely

. perceptible  above the background noise, Using this level, coupled with

reasonable assumptions concerning the spreading loss and rate of shear
attenuation of interface wave propagation, one arrives at the number 140 d8
reluPa at 1 m as the source level at which one would expect interference
with sefsmic noise measurements at 2 Hz, The calculation has’ assumed
10 log R {cylindrical) spreading losses, a shear attenution of 0.25 dB/x,

an interface wave phase velocity of 600 m/s and a ship distance of 10 km,

.The assumptions are believed to be “redsonable”, not infallible., It fis

assumed, in particular, that a large part of the 10 km range is traversed
through the bottom, that a phase velocity of 600 m/s is a conservative

number, albeit somewhit larger than the usually measured numbers, and that

the shear attenuation of 0.25 dB/x 1s most reasonable, since it agrees with
“easurements, At these low frequencies a 1/3 octave band correction is a
vibtlety unwarranted by the grossness of the other assumptions. It cannot
be overemphasized that the resulting number is little more than an educated
guess, The expectation of more precise numhers at this stage runs the risk
of falling into the well-known trap of confusing precistan with accuracy,
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CONCLUSTONS AND RECOMMENDATIONS

An attempt has been made to indicate the importance of the low-frequency
(infrasonic) regime 'for the investigation of acoustic and seismic
propagation, An understanding of this area will not only clarify the
conditions under which ‘one can expect effective seismic sensing of
waterborne sounds, but lead also to a reliable means of probing the
structure of the sea-bottom., As already indicated, numerous unresolved
questions remain in both areas.

[t has been emphasizedv that a silent ship can play an essential role in

this effort, particularly in the study of the nature of the ambient noise.
background and the mechanisms finvolved in coupling waterborne sounds into
the sea bottom. By way of summary, a few comments are made on each area.

a) Seismic ambient background

Current knowledge of the nature of the seismic ambient background is
inadequate, Among the items requiring further investigation are its
directionality, statistics, fluctuations, the nature of its propagation, '
and its origin, : '

As already indicated, the determination of directionality is necessary to
avoid confusion with the directivity of other sources, particularly that of
a nearby ship. A single 0BS unit is inadequate for this purpose. What is
needed is an array of 08S units, as shown schematically in Fig, 17 <9,

The statistics of seismic noise, including analysis of its temporal
fluctuations, would help clarify some problems, Auto- and cross-spectral
densities between several 0BS units would be most helpful in this analysis,
providing coherence information as a function of sensor separation, among
other things. Similarly, additional information on the nature and origin
of interface waves would be useful, The Wenz curve <l> f{s somewhat
qualitative in the very low infrasonic region. A correlation of results. of
seismic measurements in this region with a thorgugh analysis of shipping
distributions would perhaps fi11 in some of the gaps. Currently, long-term
sefsmic noise measurements are being conducted by SACLANTCEN's EAG group.

d) <Coupling of waterborne sound into the sea bottom

From earlizr results it {is quite evident tnat the mechanism whereby
originally waterborne sound {s converted into an interface wave is poorly
undarstood, This was exemplified by the larqe differences in measured
results for ship runs that differed merely in relative geometry.

A step in the right direction would be tc conduct an experiment using both -
fixed and towed sources, cw as well as explosive, to excite interface
waves, Si.ice interface waves are excited better the closer the source is
to the bottom, towing sources at varfous depths, and also at several
distances from the receiving 08S, would allow one to study some aspects of
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the coupling. Naturally, such a thorough study should be conducted in
several areas charactgrized by different bottom structures,

The comparison of the responses of geophones and both bottom-mounted and
free-field nydrophones to sources with clearly understood characteristics
(e.g., cw sources) would enable the measurement of seismic gain and thereby

- provide some information on the acoustic-source/seismic-response transfer

function,
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Transmission losses measured over the
same propagation path under summer
and winter conditions (after <6>)

Table 1

Geoacoustic parameters for different bottom types

. Campress. | Shear Compress. Shear

Bottom Density speed speed | sttenuation | attenustion

Type (g/cm?) | (=/s) {a/s) (d8/1r) (a8/1)

SILY 1.8 1600 200 1.0 2.0

SAND 2.0 1800 600 |. 0.7 1.5

L iMES TONE 2.2 2250 1000 0.4 1.0

BASALT 2.6 5250 2500 1 0.2 .o

g 1Sy reom o e e _BASALT (5250/2500)
ekl ' -
] v b 4 .
w 100
8 704 ) / $4.7 (1600/200)
= s . // . - ==~ SAND (1800/600}
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Pig. 6

Broadband propagation chaucteristics for
different bottom types. Numbers in
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' ~ DISCUSSION
B. Ratire (France): Is 1t possible to caiibrate your sources and sensor
#1 such very low frequencies?
H. Al Vur geophones are calibrated in the laboratory using very low '

trequency exciters (shake tables), as is done in accelerometer calibra-
tions. The geophones we use are quite sensitive down to abeut 1 Hz, below
which there 15 s rapid drop-off 1n sensitivity.

B. Schmalfeldt (Germany): Usually you calibrate the OBS system on a shake
table, which we have not done yet. 1 know that there is a facility for
this at the Centre Oceanologique du Bretagne (COB) in Brest (France).

SACLANTCEN CP-36 . . 422 ' " NATO UNCLASSIFIED
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NEAR FIELD PROPELLER RADIATED NOISE HEASUREHENTS:v
MODEL AND FULL SCALE EXPERIMENTAL DATA COMPARISON

by

Lucio Accardo, (CDR.IN), MARICONAVARMI, MDM, Roma
Agostino Colombo, CETENA, GCénova

ASSTRACT

The ever rising interest related to the undekvater noise originating " from
cavitating propellers prompted the I[talian Navy to study this aspect of na-
val architecture in an experimental way.

This was accomplished éarrying out extenliye'model tests in the ltalian Navy
cavitation tunnel (CEIMM) and full-scale tests in cooperation with CETENA.

This paper oitlines the measuring technique theacoustic behaviour of the ca-
vitation tunnel, as well as the measuring technique and analysis of fuyll sca-
le tests carried out with hull-mounted hydrophones.

Some problems arising from both these kin&s.of measurements and their analy~
sis methodology are highlighted. A technique.to take account hull  boundary
and hull vibrations, during full-scale tests, is also discussed.

'?inally.no-c results of "near field" propeller noise, obtained from both mo~

del and full-scale measurements, are shown and compared.

INTRODUCTION

The noise radiated by tha external elemenis of the ship's propulsion systes
and in particular by the propeller can become predominant and representative
of the global noise lavel if the operative conditions of the propeller are
such 88 to cause inception and development of cavitation phenomena on its
blades /1/. .

Under these conditions, the propeller radiates dircczly into the flow a noi-
se level, which not only consists of & cartain number of distinat lines in

SACLANTCEN CP-36 ' , 5-1




T T ——

ACCARDO & COLOMBO: Propeller noise measurements

the ‘ow frequency range (linked to tne blade frequency and to Iits
mu'tiples), but also becomes predominant {n the whole fleld of high
frequencies which are essentially related to cavitatfonal phenomena.

It therefore appears obvloas how important the propetler is fn the “acoustic
signature” of a ship and thus in the possible fdentification of the ship
ttse'f by modern detection systems of underwater wesapons.

In this light one of the main aims of the measurements carried cut by means

" of hydrophones, located at the ship stern abcve the propeller disk, consists

in defining both this source of notse and its levels related to the. various
operative conditions of the ship. '

The prob'em of propeller ‘radiated noise is furthermore cohsidered to be a
subjest for experimental research at cavitation tunnels world-wide and in
particular at the Ita'ian Navy Cavitation Tunnel /2/.

The present method of recording and analysing noise datas at this specific
tunne! has been established as a2 result of numerous tests, carried out both
on two-dimensional foils as well as on propelIer mode's in order to optimise
the calibrstion of the adopted messurement set-up snd essentially to
investigsate the effects, in terms of wscoustic noise, vhich the incoption of
the varfous types of cavitatfon involve /3/, /4/.

One of the aspects which 18 still under {investigstion iIn this model
experimental regsearch {s » univocal definition of the psrameters sble to

formulate correct transéfer lsws, from mode! to full-scale condltlont, of the

noise leve!l generoted by the propeller .

To this purpose and lndependent!y of the various solutions to.this problen
formulated by different resesrchers, the sveilability of full-scale
experimental  data of the ‘quantities under review, provides a 'useful
opportunity to ver 1fy the prediction )vvu adopted. °,

This report describes the testing nethodology and the ncttiné-up of the
tests, used both in mode) snd full-scale conditions.

Some of the results obtsined from this cxpori-.ncl {nvestigstion ara
described below. '

1 TESTING METHODOLOGY AND SETTING UP OF INSTRUMENTATION '

I.} FULL—SCAL! MEASUREMENTS

The usus! sesessment of this kind  of test consists 1n installing some
(ganorn!ly two) hydrophones .st the hull bottom sbove the propeller disc ss
well g8 & number of pressure trsnsducers (4-6) snd & number of
sccelerometers locsted in proximity of the hydrophonss thesselves.

CSACLANTCEN £P-36 -~ . §-2




.

*®

PTEEEIb R e

"~ Mesgurement chain

~

ACCARDO & COLOMBO: Propeller noise measurements

. The hu'! transducers, used foi noise messuremsents, are B&K hydrophones, type

RINY (the technical «characteristi¢s and relative response curve Jare
we'l-known). The sfgnal!, via a2 BSK amplifier, type 2635, 18 visualized
Auring the acquisition on an oscilloscope and recorded directly onto
magnetic tape, "Scotch 3M" using a Nagrs IVS.J. tepe recorder (recording
speed @ 18 cm/sec).

' The transducers used to measure the pressure Induced on the hull are of the

inductive type Pil from HBM, wheress the accelerometers located close to
hoth the pressure transducers and the hydrophones are of the B&K che 4371,
with a cut-off frequency of around 2500 hz. i

The signals of the pressure transducers and of the accelerometers, suitably
amp'ified, are recorded on magnetic tspe by mesns of & Sangamo tape recorder
for further processing.

A genera! outline of the set of instruments used is shown in fig.l in which,
the distocatfion along the ship of the various transducers and ‘of the
acquisition terminal s also shown, for the messurements which constitute
the subject of th's psper, The positioning on the hull of the two
hydrophones and of the pressure trsnsducers 1s better illustrated in fig.2
in which the stern ares of 2 navel vessel, on which this kind of
messurements were perforncd is shown. .

More detsfls on the xnstru-entation set adopted by CETEHA in. such full-scale
tests i{s reported in /5/.

1.2 ' NolIse MEASUREMENT SET' UP AND , ACOUSTIC CHARACTERXSTIC CF  THE
C.E.T.M.M., CAVITATION TUNNEL

!

The noise mesasurement chain used st the C.E.I.M{M. tunhcl is 1llustrated in

.the block disgrsm fin. fig.3. It corresponds, essentislly, to the one

suggested by the ITTC /6/.

- Pooitlonin‘ of the hydvophonc.rnccivot

'SQVQral c«xpariments and messurements were csrried out in ordcr to establish

the beat geometric ponltion for the hydrophone receiver snd the nmost
suitable 'ink between the structure of the|tunnel snd the cssing of the
hydrophone, so 28 to reduce to & -ini-u. the signal distnrcions /7/, /8/. )

The hydtophon. positioning used oc the prcncnt by C.E.I.M.M. for noise
tests 1is s follows (compsre fig.4) :

8) 1in correspondence vith the propollor plane, J: s weter f1lled box acuated
on the testing section, from which it {s separsted by s perspex window
vhich gusrantees scoustic traspsrency. This box is resiliently mounted
on the tmnc' vindov' - .

2

b) st 1,65 » fro- th. propo'llr nodel c!thWr wall ﬁlu.h—.oﬁntod or in a .
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water filled box resiliently mounted on the tunne!l wall.

- Acoustic characteristic of the tunnet

The frequency resnonce of the working section of the ‘tunne! . hag " been
obtained by wusing a hydrophone emitter placed in correspondeuce with the
propeller shaft., This type of hydrophone emits a noise signal, produced by
a generator and  then amplified, 1{ts spectral components befng unif formly
distributed a'ong the frequency range concerned (white noise).

In order to check the acoustic chasracteristics of the tunnel testing
section, two series of tests, using the ssme C.E.I.M.M. measurement set up,
were carried out at I.N.S.E.A.N. towing tsnk basin n.l (430mx! Jmx6.80m) .
These experimengs were carried out by p!acing the hydrophones along the
centre 'ine of the basin, at a depth of 3.4 m, at a distance between the
emitter and the recefver of respectively 0.4 m and 0.8 m. The results of
the above-ment{oned tests are shown In fig.5 from which the followiny
observations can be deduced : '

a) the acoustic characteristic of the tunnel is fairly similar to that ot
the bas;n;‘

h) it {is possible to trsnsfer with fair approximstion the noise levels
obtained, from messurementscarried out st 0.4 m (tunnel) between the
socurce and the receiver to the standard distance of | m, between the
propeller and the receiver, by spplying the lsw of spherical propagation
of sound.

- Background noise of the tu-ael

The ré*iabl'ity of the no,surements carried out on propeller models depends
to & Yarge extent on the acoustic behaviour of the tunnel.

The C.E.1.M.M." tunnel wss built (1962-1964) without specific conslderatlon
for the attenuation of the bsckground noiae. . .

In otder to identify both 'the frequencieo themselves snd their ranges
‘influenced by basckground noise in the tunne! (due to : dynsmometer, asin
‘rotor, stator, etc.,) 8 series of egxperiments were carried out,
systemstically varying the number o’ revolutions of the dynsaometer, the
number of revolutions of the wsin rotor sand the pressure in the testing
section. : ' ' . : »

The results of the invcst!gation have shown thet the pressure in the testing

section, the flow speed and the number of revolutions contribute in
different ways to the bsckground noise :

- the vsristion ia the number of revolutions of the dynamometer has most

influence on the beckground noise snd it b.co-ou louder as the speed of .

the wster decresses

- the vsristion of‘ the, pressure in the to-ting secticn influences the
bockground noise on froqucncxco ohovs 10 KHz~

- SACLANTCEN CR-36- - 5-4
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- the varfation of tlow speed In the testing section influences the
Nackgronnd notse at flow speeds of more than 9 m/sec.

The experiments catried out antil now hove, morecver, shown noise levels for

some trequencics for whicsh the relevant source has been identified.

1£ v, lowever, important to stress that  the, background nolse can be
dis:evarded when the nolse ‘'evel ' of the propeller under  testiug is
're‘affvv‘y higher (100 dB) than the hackground noise level associated with
the saome fun~tiontng conditions, Otherwise, the levels and the ncise
spectra of the prope'ler must be corrected {~r the level of the background

noisge.,

The hackground nolse of the CL.E.L.MM. cavitation tunnel, recorded for the
pynerienents 2arried out antil now, hes always been negligible, particularly
{n the frequency field tvplcal of cavitation. ’

.
- Testing methouology

The tunne! cavitation experiments are carried out disregarding the Froude
number parity in order to achlieve, for a given cavitation index and a given
advance coefffclent, a Reynolds number sufficiently high to reduce as far as
possible cavitation scale effects. o

This essentially involves carrying out the experiment using a high number of

propeller-revolutiors, the highest possible in relation to the strength of"

the mndel and therefore at a higher stati{c pressure than would be ' necessary

to adopt according to Froude’s low,

Sth 4 testing method also has advantages related to noise testing, as it
a'lows a reduction {n the quantity of air bubbles which form in the testing
section thus ensuring the correct acoustic transmission of the water.

It shoul'd a'so be noted that'by using high pressure values it is possible to
perform the tests with a fairly high air content (around 0.6) which is
positive for what concerns the tunnel-sea correlation in terms of cavitation

" phenomena /2/.

2 ANALYSTS METHODOLOGY AND DATA PROCESSING

Given the complex nature of the acoustic noise ,signal, the methods of
analysis of the signa! can be differentiated, depending on the type of
i{nformation which needs to be obtsined. :

There are basically two ways of asnslizing. the rp&iated hydrodynsmic noise :

2) the so-called "brosd-band" snalysis which, depending on the type of
analyser, can be c¢arried out in octave bends, one third octave bands
(more .common), one tenth octave bands, etc. ' _ ) '

)
'
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b) the "narrow-band" .nalysis, which ({nvolves analysing the signal with a
higher frequency r<solution so as to Jefine the energy conteat of the
10ise nn a much higher number of frequencies. ‘ '

The first 1s tvypical of the nolse measurements radiated at relatively
Yong distances from the ship ("Far-Field") and the results are shown as a
function of the values of the centra! frequency of the various bands as
being twenty times the 'ogarithm of the root mean sqared value (R.M.S.)
of pressure referred to a reference value (Po = | A Pascal), thus : '
(Band level) Bl = 10 g [P'rme/P'] = 20 g (pm./fo]

Generally, the "level” 1s shown in # spectral form (and thus corrected
for the width of the band so as to refer it to | Hz according to the
formu'la .

("Spectrum Level”) SL = Bl - |0 1g (Af€), :

and finally reduced to the distance of 1 metre from the scurce, by means
of the formula : :

("Spectrum Level™) SL = SL' - 10 1g (R/1 m), , .
where R = distance 1In wmetres, according to the hypothesis or
omnidirectionsl spherical waves., The usual notation is thus as follows :
"Spectrum Level!” SL (dB) . ref IpPa, lm, 1 Hz.

The second type of analysis, on the other hsnd, provides wmore detailed
{nformation about the frequency field by identifying all the predominsnc
Vines of the spectrum. The presentation is simply mede in terms of
"levels" (referred to 1pPs and to | m), 1indicating the width of the

narrow band used.

2.1  TECHNIQUES-USED

Both of these analysis techniques were applied to the dets obtained.

,The broad-band analysis was carried out in one third octave bsnds using a

Brue! & Kiser type 2131 anslyser which supplies, directly onto video, the
acoustic "levels" as a function of the ' frequency centres of the vartious
bands stsrting from 1.6 Hz up to 160 KHz. The levels were obtalned with
1inesr aversges snd relstive mesn times of 32~64 seconds.

So-e results will be {llustrsted in the next poragraﬁh.

The full scale data anaiya!u was limited to the up frequency of 20 KHz and _

3'1 the relevant results are veported in /9/.

As far as the snalysis relative to the signsls of the pressure transducers

.snd the sccelerometers placed on the ship stern 1is  concerned, this was’

csrried out using - the Fast Fourier Anslyzer, type .P. 5451 B, in use at
CETENA Dets Processing Centre, which sllows the spectral distribution of the
pressure values induced by the propeller and the vibration values iIn terms
of loce' sccelersation, to be obtained. All the relevaat results arxe
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EFFECT OF THE HULL ON THE FULL-SCALE MEASUREMENT AND CORRECTION

'METHODS

" The complementary measurements carried out by means of pressure and

accelerometer transducers aim to define both the pressure le -aly induced by

"the propeller at low frequencies (first blade frequency and 1ts multiples)

and the 1local as well as global vibration levels wnich  occur in
correspondence with the hydrophones thereby affecting the response.

The simultaneous aralysis 6f' these signalsallows the right corrections at
noise ‘evel picked up by the hull-mounted hydrophones to be carried out so
as to e'iminate both the effect of the presence of the hull (solid boundary)
as well as the effect due to the vibrations of the hull itself.

The corrective factows due to the first effect {s defined as the relationship
between the pressure measured at the hull and the pressure radiated in the
free field and it 1s of course, a function of the form and naterial of the
surrounding surface. .

In the case of 8 rigid plate of infinite dimension, this factor takes on the
value 2, Moreover, this value has bteen confirmed also for stern shapes
similar to those "of the above~mentioned ship as proved by previous
experimental tests /11/.

Therefore, all the c¢ollected pressure  values must be divided by 2, which
means 3 reduction of 6 dB (in the 1low frequency range) on the directly
measured noise levels.

A second problem which must be taken  into consideration is that of the
global and local structural vibrations (of penels) to which the hydrophones,

1

It 1s above all the local vibrations which can induce very ‘high pressure
values in the {mmediate vicinity of the hull surface so that the hydrophone

‘in the hull aiso records’ the cffects of this contribution due to the

vibratioas.

In order to obtain noise levels compsrable with the tunnel test results, it
is therefore necessary to establish the influence of the global and local
vibrations and thus the pressure by then 1nduced. '

As far as the effect of the globel vibration of the hull 1s concerned, it is

_necessary to messure the pressure snd the vibration both in conditlions of

forced excitaton (by mesns of a hydraulic exciter) ss well aa in natural
excitation when the ship 1s underwsy. .

Relstive to the effect of 1ocal (psnel) vibration, a series of additionsl
measurements, using accelerometers, are needed by locally exciting the panel
in order to define 1its resonsnce frequency (or frequencles). By
simultaneously recording the signal from the hydrophone mounted.on the panel
the trasnster function between pressure snd vibration can also be obtained.

For frequencisvs near the incsl resonsnce frequency of the panel, variations

SACI ANTCEN £D-16 R ¥ 12
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of pre iure. can . be found {n the .nearby flow which can even be far higher to
those induced by the cavitating propeller, as experimentally proved by
several resesr~hers /12/, which require corrections of up tao i5 dB on the
spectral content of the measured noise 'evels,

A measure on the efvects of the vibrati{on of the ship stern structure, by
meand of  accelerometers, was carried out during the trials the results of

‘which are discussed in this report,

The yressure due to the globa! vibration¢ wse obtatned from these

zeasurements and wvas of the order of 5% of the total one foz the first b!ade
harmonte wnd of ‘the order of 25 for the second nne.

This rvquiTes a further cocrection of the noilse level measured by the
hvdronhone of the ocder of 1-2 dB.

The 'oca' panel vibration beasurements, for which ié 1's necessary to use ar
accelerometer (plezoelectric) with a high cut-off frequency (with a iinear
response from 0 Hz to al! least 12000 Hz) were not «carried out on this

‘oceasion. Tuerefore a check on ‘the actual correction to be made to the

spectral noise levels, due to this 1local vibrational effects, was not
possible.

The unce:tainty canéerning'the validity of a comparison between nolse levels
remains; within the middle-frequency range, even {f these experiments
have enabled 2 more correct methodology to be 1dencified both for
acquisltion as well as analysis to be used in the future.

3 PRESENTATION OF RESULTS

Al the results 5tained from the experimental full-acale trisls perfarumed
on:-an Italian Navy frigete are reported in detail in /9/. .

Hessurements .and analysiu d'Pﬂmeller radfated noise have been carried out

at increasing ship speed from a ship’ Fy = 0.140 up to FN =0.400 in order
.to investigste both on the effects thac the different propeller cavitating

conditions have on the radisted nolse as well 38 on the efficiency of two
air insufflation system with which the ship 18 equipped.

- In this report the radiated noise spectrum‘levéla measured by aesns of the

hull flush-mounted hydrophone for two most significative ship speeds
(Fy = 0. 246. corresponding to back shet and tip vortex cavitation inception,
and Fy = 0.400 corresponding to- the highest investigated speed) eére
reported. e : .

The two noise spectrum levels are shown in fig.6 and 7 respective.y, where

the corresponding spectra obtsined from tast carried out in model ‘scale at
Csvitstion Tunnel for the same propeller operating conditions, sre shown and

compsred. In the same figures the "far fleld" ship radiated noise spectra,’

a8 messured by the fixed hydrophones of an acouscic range, are -also
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tadteated,

The tr.asfer lYaws adopted 1o scale-up hoth frequencies ond sound pressuare
Tevels fram mode' to full gcae condittons are summartzed io fig. B and  are

Wagicatty Aertued tram 1ef. 1V,

As ~rncern the twa respestive propetler cavitation patterns ohserved both in

Y seate and mode’  conditfons,  they are shown (a fippl?, 1) Wwhere the

cytent af s tdion and pressure Sstde cavitatiun 1 {ltustrated.

- CRSERVATION ANT COMMENTS
From:the results diccussed in this paper the following can be noted

- the nolse spertra measured tn the tunnet! and sceled are !ower than those
ohtatned tn ty'l-scale conditions.

Possihle exnlanatinn for thig discrepancy csn be found from the following

farters

- in *he tunne' the notse emitted from .the propelter alone s messurel
whereas in full-scale, the messurements are a'so intluenced by the globa!

nofse srodiaced by the snip

- the e?tvnt nf the cavitation on full-scale propeller blades, although
fatr'y reproducing the stmulated one (n the cavitation tunnel, shovs some
varted 'ncs' phennmens which are unreproducibl'e in the tunne! due to many
phisica' ressons, not ‘esst different wmenufactoring tolerances /[l4&/

between the mode' and fu'l-scale propetller

- the sdopted noise scaling low, sccording to the TNO formulation /13/,
should be refined on :he -basis of bdoith further tunnel scd tull-scale

experiments.

In this context 1t must be pointed out that one of themain recommendations put
forwerd by the Vlsst ITTC 34 Cavitstion Committee concerns “the
1mplementations of noise scoling laws by utilizing resuls from this kind of
full-géate tests”,

S . comcLusion N

This report hss descrided oo-' (un‘mnul}omts related to the prodlea of
nolse redisted By ¢ ohip (in perticuler by its propeller) st sese snd some
genersl concepte uhu”'to experisents) techaiques ond noles ptocessing
sre #'s0 svuamerised. '

Prediction of the 'ronnof' redisted noise 1n full scsle conditiocas 1s not.

SACLANTCEN CP-36 .5-9’ S
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SOMED NONR-FTELD AOOUSTIC IMAGTHG TECHNIQUES IN MHDISE RANGING
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92320 - CHATILION FRANCE

" ABSTRACT

- Acoustical umaging of ship raliating. noise sources requires the
develoument. of near field array processing. Performance analysis of a

. linear processing with static sources together with its adaptation to
MOVLIIK] SOUrces lnag.ng are presented. Application of this processing to
experimental measuraments with static and moving electroacoustic sources
1s shown. Expéerimental results and theoretical analysis are in good
(ijt .

" INTRODUCTION

Improvement of ship acoustic discretion requires the identification of
radiating noise sources. An interesting way to achieve this purpose is to
locate the radiating regions on the hull of the ship.

- The acoustical facility could be a measurement station where the ship
should follow, with fixed operating condition, a straight line parallel to
a nulu‘hydrq:horm linear array.

Usually the aim of acoustic imaging is to identify the directions of 'a set
of 1ndividual 1ndependent sources. llere, the situation is different.
.Sources are distrihuted on a ship of fmu:e length, and they are to be
separated spatially along the ship levgth in his own frase, rather than in
. angular direction 1n the cbservation frame. The relevant representation is
L therefore thz amplitude of the noise source pressure as a function of '

<, frequency and axial position on the ship. The stncture of the noise

% sources function may be conplex, due to ‘the number of indeperdent’ sources,
. to their spatial dimensions (compact or distributed), and to their

. : spectral or temporal content. In addition, thxs acaustxc imaging nust take
8 into acocount the motmn of the ship.

& Although other tecrnxques may bz develcped the qapmach foll.oved in this
2, paper consists in adapting to imaging the classical beamforming technique.

'SACLANTCEN CP-36 . 6-1 .
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Jhassical oeamforming with sources in the far {ield of the array (olar
wave geoacxkiaation) allows the spatial position of the sources to e
aetormunec 1 thelr radial vlstance D 1s known (see fig. 1 for
Getunations . the measurement of 9. yields X.=D7'29° . The anqular

resoition of such Al array !xmnd aporaximately A(si.e);v% (_'X 1s the

TS wavelongth), its spatlal resolution will be

O AX ~ D/asse.

The et rééolu_tmn seems ‘0 be obtained when D & L but the plane wave
apuroximation becomes irrelevant . The shortest Jdistance D for this
KA LOX LI 10N 2'S controlled by the limit of the Fresnel zone of the array

D n 20L §g Op - , S0 that the minirum value of AX is :

(3) AX, A~ 2m L'/Osz(-) B
O oarprove the anqular resolution, the lenqth of che array must be large
with respect to the wavelenqgth, so that  AXe DD A . To obtain a

better spatilal resolution, the measurenent has to be made in the
rear-£reld of the arra,, and the curva*ure of the wave fronts has tno be '
Laken 1nto account ) : . .

Even in this case, the spatial resolution will never be very much smaller

than the wavelengrh, 1f addit.onal information on the sources is not

oW, Wlthout such an anformetici, the source function is not unicquely N
aetermuned by the radiated pressure field, according to the Kirthhoff _

integral. One nust then choose a particular representation for the noise f
source pressure dexcription. Here, this representation will be the .

sinplest one : an eguivalent nutqvole source distribution along a straight

line. The array processing presented here is the adaptation to this

near-field imaging of. the classical linear beamforming. .

2 NEAR-FIELD ARRAY PROCESSING AND PERFORMANCE AN\LYSIS IN THE STATIC
CASE (ret' 1) -

In ,)rPWG of a single plane wive and additive mcorrelated noise of same
variance @- on each sensor, t'e optimal estimation for its amplitude and
direction is dbtained by clasxcal beamforming. For a near-field array of
N sensors, the equivalent of the plane wave is given by a single monopolar
source cf mplitude A gnd location I (fig.l). The pressure on. the
sensor i of location ,)’ is ' '

(5) Pq)“AIT_ 45 \JRH. (ﬁbj):?‘&j and k:.z{ . . S -'
It can be shown thal q:tunnl estimate %’ of X,  maximizes the : '
tunctxm : | N ‘ . v o . Y

N . - . C ' - - -
N . : Ve . , . . L.
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Gray and Lot for sy points giving che best contrast. The serformance

(W b(i’):(i Vigr 2 \Z KR &

. i A
e the cptimar ot umate A ol A s o

Gsoarray pocessing s the fallowing s
T Bt ial resoluten defined by e difference betwegn the maximum of
X wrnl e irst 2erQ—Cross. g ot B ?) around i’:? 1s

< Y [ LLD
LYo, BUX ) 1S close to J.( k lX——X.‘ ), so that

(1) AX = 938 2

Foroa f1xed distance D, :t 1s therefore not very useful to increase the
tength Lowhen L 2 D.

Figure 2 shows. sinulated results for B (X) when the source is at: location

X - 0 for varions values of the recuced wave—nmrber K = k., with O = L and |
f- K a.l

- w10 dept: of fleld 1s apoproximatively
z
. . v D . .
@) O~ 33 A([\ when L O
Figure ? shows simulated results for the same source and array par&tecers :
as 1n figure .2 and for some values of K.

- with N sensors equidistant. of Ay [(\J-!)A7 -‘-’LJ . BCX) shows spatial

side-lobes like in classical beamfrrming. Also spatial aliasing appears,
at angular positions l&'nG- §n6,| ~ \/AY . but with shape ‘and

. amplitude different from far-field beamforming (fig.4).

P S arito e boms W - e
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RAFINE & ELIAS: Acoustic imaging

WRIUTENTNL RIS T YD STATIC CAGE
i .
ovalaate Ue pwrtomaiee of a near-field array, an experiment hd‘% e

ook oot an tnee Taastsllon's facility of
LY R anen noa ou o D, hom
Crannaacers have been placed in front (;f the array at

are driven at different frequencies {sine 6r

[T

PRI S T

TN ST SRSV I

’

thery

’;:xvl: results of the array pr

Girbisht, mn array consists of

and wmersed horizontally at 20 o, "M)

OCeSS iR are shown in

Hat he oxperinental performance in spatial

LT O D ears
Lt ael oot Au'ld of tihe array arc in qood agreement with the

4 LTI TG TV TN SOURCES

T st mwar-faeld array processing can be adapted when the sources are
Lt at g onnstant speed V. The principle 1s then to catch a set of
sieie actures of the sources 1n the frame of the array, each of them
Crrespondang SGoa small displacenent 3K of the sources. The pictures are
Tiheen ..vmqod after shifting them in the sources frame with the hel) of
ataonional inf )r'mmon related to 1ts trajectory.

5x/V), and Af the

it T e the duration for a single picture (T =

frong u‘nc,' resclurion

(

Af =

-r

). Due to the Doppler effect, the

array senscrs 4o not receive the same frequency for a source at a

Val LAUS
frauency €L The maximum difference between two received frequercies must
ref.alih within Af for a.significative computation.of B (X). Let 4 be

che angle giving the position of the source with respect to sensor 1
{f:5.1). The Doppler shifr on this sensor is :{ (MM‘? (ﬂ_!((1),

8{4: {,M mG.A‘f

SJiothe naxaswn differential Doppler shift is

.L::‘A ofol ( DL .
T A il

S1th the spatial resolution A,fvmﬁ?}b s

. Leot’®,
& SR

Terefore Sr‘ (A{ L f
(o) VT = §X L aX

In conclusion, the condition required to get each pxcture is that the
displacement of the source nust be smaller than the spatial resolution of
thu arrday.

An experumentation was done at the Lake Castillon facility with a vertical
array of 19 hydrophones and an electrodynamic transducer mounted in a i
guided streamlined body (fig.8). The source location information was given
by a revolution counter. The speed of the source was about 3 m/s. Figures
9-10 give typxcal results of this test that show r.he abxllty of the .
'echmque .

- SACLANTCEN CP-36 |
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TG TON

+ .

Jeooexneriiental resuits show that the lmaqing technique basaed on

el

doarrav processiieg s valuable for static or noving sources.

ey vt bons of this tinear nmeessing are limited by the spatial

Godat v s the nonooole sodrce model . The spatial resolution liwited Lo

T iV lengeh becomes wery ooor at low froequencies and this technione

e arrelovant when the wavelength s not simall with respect to the
et b o he shi. .

oot ast L aeeje of the sources may be difficult to read 1if the real

~ow o stractare s far from o being of o mononolar tyne. o owercone such

s, tarticular srgnal processing technicues already develoned £

.

av=taeld docaton could beoadapted to the near-field situatior. [+ shouid

v rressaty te take 1nto account the Dopoler effect ard have roelevant

it on, on Rl sources to model them,

IoLias, G0 & SALAREY, J. Utilisation d'antenne focalisees nour 1o
focalisart ton des sources accustiques. llth ICA Paris 19-27/7/32 Vol 6

v ba=in,

WA & it Lo st o d
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ChAcaustic imaging

RAVINE & ELIA

3 sine wiwe
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(it BART Mutual conerence g stience

i - [3 A3 i "-A,
' - et _
Woen A : LLan i
S Teh T !
.
. Lt e e e e L0 e SReo et g mearm tpte T g mp it gtion
RN . N LU e e It e Tyl v mak iy snaf 6 qent
Sort Ter ety el ty g Jetes tor . More pre e’ g the deter -
- o et nr e g T e e Lt e methgy for grqguigr determing.
r T SIT e ety " oig f‘he mylual coterence of
- e " e
. A t
R f
.
¢ LR G PRV F1 o1t Ltere S L oqrtfy 4 tion,
wer e L omer gt the LNlD

PUPESE [ I Y e ey g e o wht h the 2. 555%104) emyg.
ot e s rgtrer g eyl dgres the deter tor and nlures
; \
Tt it Lt Nt mars Lesoming deat 0 the rece.ved 0und.

T eles v maae enit e Chano et ity we gre otag o orecgll the
St Te 8 tme man resalytion method for anquldr measurements using
1Eartenny L 4rg ;o ingestigate tow the eminiign 1S 10 be modifred to make
TrluretEr tpn ’

LM TR CMIRENTE AND [TS DRUPAGATION

The Tmigh oresgiutiron” methods use 4 treatment Gf the (Overtance matrix of
naregw band snaiygti siqgnals sent by the ship to a set of seasors.,

4 Y

TE B, K1y 4 touple of <enuory, el u(xz) the analytt: ivqnals re.
erypd. iy thig couple, the rorresponding term of the matrix . ts '

: )
' [ SRR S
i l) LX)

s Lime gaveraqe )
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DEBART: Mutual roherence and silence

X D s g, bt d g Lrang 0 1, Angped 4

ot pugtrataee o0t o2 A YT oaue Lt nancdes

~ . e o * Rid . v
P ireel
S I LA ARG STE AR I 7 DAL )
. Lo ce v, ettt L aorce and regach o an extended qantennag .
° e Ly fe s e Y et geen nadies lﬁ“"ﬂ?"q poInt . re-
CeL Lt e et g Lgoe quertity t U Tgrrespnds o TN Juan-
tT Lt aEt ey e pevep gt the nyed equgl 0
.
T R ST R 1 g gnt *henygn the tand of the signal . [f
tr et :f"," ,,,\‘";-«. s ’:’“e srdrtign
. o el et wttt e andrtiang o qtg ‘quasl-mﬂof""OM!‘C“ and
P PRI DS R L B AT
T Cr . eter 4 artirg rface Toguree and (7, 7,0 two potnts on
. Lt - .
.
. '
Te s . i 4
. .

Sre mutaal cGrerence MO gf the quasi-monochromatic analytic signals
vorothy i qupie ' ' i

nothe other Nand, we Lunstder 4 recetyihg areqd {antenna) and (xl,xz) a
“Guple 0t points on L.

[ 4 ,!
Corp ) s stay) s )

15 the M('assoctiated to this couple.
According to these.hyoothéses. the M sheys to & second order wave equation
and 1o o “HUYGHENS principle” ass~crated (fig.l).

[t can be written

IK{%,=%,)
. 172

.

172

‘.

'

:;’“'1’52)

Clryony) ¢7,9%, : (1)

‘where K 15 the wave number for the centre of the band, r,, r, the distances
4 -
Cor _
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GEBART: Mutual coherence and stilence

CAEELATION T Al ANT AN ANTINNA
Tepreented g teg egments . 1ot the stryight

L e e et Tepr fhcw fagat gk 1 a6 %Y TH reference to 10,
Gt e . R A Lk NP VR, Leipt, L Tarrenng !

[ VR et IR »In '

MMy aapte Gt peat, o the gntenny V300

R e T T T arfingtes ghose griqin kg § !U/ QI) the
rire gyt PRI | yro )
2 L L RN
b S (, n
LoDy P.
oo I oo RRREEL IS SRR (2)
: 2, 2
;‘N: we }-J ) I,P e, - »./ A!'O',(x- } . 1 * ll . ,
e I R 2
. B o R R '{ 1
- o, . 5 NS RN 3 ot .. . v ‘(_0')( ,._—1 * —o—-T——-‘f (3)
0
TPAu o eapres g0 o gn he expanded up to second arde e f’i.ll)
.2 21 .
) ' W X ,?- ' ZX .2
O Y DA . fon. - | 05 ( 4-r)e “l'l - 1{05 L (05‘1
1y ) AL o g gt

. ' L - R 2 2
( ; »Q?“smn'Sln:' (v ol R ¢ sin“y  (4)

“The quantity of use for introductton 1n formula {1} is

o : ' , 2
PIHX-?zﬂza('l-'z)cos--(xl-xz)cos; -»~-~§w-—ssnnsvng * R stn’u +

% ‘ . S ) 2 2.

n The MC for (xl.l } can be expressed in terms of the HC for (el. ) by
2 ’ use o! the formula (1.

& .

' »

S
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PRUEEOTLY INCONERENT SOURCE

, . N DEBART:  Mutual cohterence and silence
[ S
PR ron o N
"3
- 2 L
ot i . A|""‘v)> K
) tor : N InE1he gi SN K| a
{ 4 .4 '
f | v - N 4 A
, pro2l?d s
’ Cogr ot C A T TN PE SRR SV L S essent gt quwhtvttes
) . e S .
. -k
ol asamutr ¢ tme Larwoamd 4)lows 1ty determination
. 1
,,“‘ LA} \
e tr aresture ot e wavefront and allows the determination or the

J+ tme emission of *he ship 1S seen g5 ponctual acoustical sources,
(rntirely 1ndependant to each other, the situation is eractly the astro-

nemrogl y1tuation [ 1n which the optaral spurces
far e‘omplp are i1ndependant, " -

'

’

an this rdse.:

'

.("¥.12? * 1({I)‘({l‘;2)

! 1 the groustical intensity in each point. and
'y a simple integral :
(X-!)
l‘-g 1Ksinasing
1()ar

'SACLANTCEN CP-36 -4

in. two ponnts of the sum

the inteqral J reduces

(8)
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DEBART: Mutual coherence and silence

s P v grver Cegngbem or tne fynction 1 Uargestica! power on
O YR, gt a1 Wkl crnown and reterved by the astronoms as

I R N A i

et et R Tt e e b e by tge 1t gy cnnyentent O suppose

Tt rgmla Lt et i L0urc s an tne hip

t

. 1 i "
(R

m ' . '
' - ) Coaeth iy .
o .
v oo P . {9)
. m '

ere T he term Gt o fre Gyartlanee matrix Xq\ can be expended 1n 4 Sum

1
GrreLpOndIng o the drotinct cgntribytions. [f the antennag has a very
TT resoivIng power ., ey are seen g5 distinct, if not they dare seen 4as
i1 unigue souro e wnone anquiar location is bétween the extremities of the

h
BAREd

< . .
$ARTIALUY COMERENT SOUREE

"1, osituation 1y modified 1 f the ship bears 4 repartition of scoustical
Lt v, withog MO odgnctian finite between any couple of points.

.

) Wl ey pnengmenon, tet us suppose that this MC takes the form

N o e ' ' (10)

It moduley 1y decreasing with the distance,; ts, a radius of correlation )
It can be supposed also that the arqument is variable (linearly) with a
“haracteristic length - (- can be infinite if no variation of the argument
ex1ote

»
f

Fence 1t can be written.

j(:-_: )
SR dcos s
J = e e X ...
IR WL | 1:9) “1‘"2)
x exp - — R---»------svmsin" iK ¢+ —«7-~—51n miK — dildﬁz {11)
. e

In order to evaluate this integral, lbt.us subpose tﬁat p is very small
versus N _ . '

and sdopt new variables, according to the transformation

SACLANTCEN CP-16 S . -8
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DEBAR!.  Mutual coherence and silence

T eeert, anpronimgtion Ly remaying the limits of iniegrqtion

e tre arghie

SCEIRE LI LA sinasans g C oot zidudv (12)

e

o e e ' - {13)

oo 4t ,latiun ar te s hteved with no trouble and gives

. ’ . ¥ 22
€D i - .’ ¢ :R (KXOX;)}SHHSI":‘ -3k VSlnzlj .
- g(xl-xz)g‘nxsinu 1%
e . dav (14)

| . .
ne Luere 1, Sutfiiently remote, the V2-_t9rm in the erponential can
tet gt ted . Hence, 1f we drop the constant fd(_;tbr':
Saribi. “anib) .
e - e :

J .- AL‘N!—b““:'“ SN . . (15)
anere
I

L2 LK T '
e AL 0»4h(x‘012)stn131n. (16)

X .
= X e )sinasini
h P AR XJ,S 19

“he vartatinn of the arqument of J versus (XI"Z) is approximétely the
ame 4 the varration of the argqument of a+ib

Arglaeib) = Arctdn(z) LI 4 1- trg d

SACLANTCEN CP~36 7-6
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DEBART: Mutual coherence and silence

S PR TR
l ’

' OR ( .
oy , : : . (17)
,!r N ¥ Pt ey . . : : !
Lia N Lt s in,
e ; W K Hsan
Cyrt - i ex nsan . {18)

inothe came L onartion, {yery remote source ).
)
PEoeme s of cgrreelytion vy yery small, ¢ * -/2 foar any distance

Letaeen the cenqnrs {11.1,‘ . 11t agdin the case of 4 totally incoherent
Lours e : '

FEonot, det us recgll that "4 X
i

¢

,) vary from -L to +L tf L is the length

né¢ the antenng .

ctoun define a radius of correlation from the condition

¢ ; tor ll - le -+ ;
v' S? E siaasin. 1 ‘ , ‘19)
if lusua! ondlfl?ns)l. - ; = ;.Isinlsiny z %

.The arqument of J vary quasi-linearly from - % té % if xr-xz vary from

-l to +L and the anqular measurement the antenna can achieve is false
{the argument of the characteristic factor takes any value according

“to X -X

X0

1f, for example L = 20 m .. = Kcos = %1 oS’

3 lm « = " W' E w,l’f
, 3 . .2.0,- l . 5m . .
2vl"

N S ot o WP

-
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. DEBART: Mutual coherence and silence

CepeTtatron e gt gl sources whose correlation 15 shaped 4as

e wmreye By 1 osum of sources of certain structures and random ampli-
s, tcarding to the {oeve-kichunen theorem

.

15 an extended source whose repartition is roughly sinuysoTdal

' v osla 0o o o sinla 7))
o n n n n

e correigtion function can be approximated by a few Sources.

o aNCLES TGN ‘ : i

Tre tnearetical possibility to make inefficient the high resolution method . T
1y thus shown. However, achieving this result involves a modification of
*he 3ooustieal emission of the ship, and this problem must he studied from
*re pornt of view of 1t practicsl realization.
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"CERNICH & VETTORI:  Mobile range

MOBTLE RANGE
FOR OMEASUR NG SHIP HADTATED ACOUSTIC NOISE

by

Enzo Cernich
Sonomar S.p.A.
! Sarzana, Italy
' and
' Giancarlo Vettori
USEA 5.p.A.
Lerici, ltaly

.

The Mobile Range described in - this paper allows measurements of noise
radiated “rom both surface ships and submarines in open seas with bottom
deptts from l;qs than 100m to 400 meters. The range is being develsped and
buili by Sonomar under contract with the Italian Navy. The system is
semifixed, that is, it can be launched, wutilized and recovered in short
time or else, with some precaution, can be left operational for longer
periods. In thxs'paper a description of the system is given; the design
criteria for the at-sea measuring equipment, the navigation of the vessel
being tested and ror,ai-shore data analysis are discussed.

INTRODUCTION

The system described in this paper will be used to meacure the mnoise
radiated by surface ships and submarines in both . dynamic and static
conditions, in open sea with a bottom depth from:less than 100mt to 400

meters.

The system is semi-fixed, that is, it can be launched. at sea, utilized and
recovered in a short space of time, or else it can be left operational for

longer periods, provided certain —acautions are taken.

The mobile range is now being developed and built under contract with the
Italian Navy. : ' '

In this paper a description of the system is given; the design criteria for

s

'
’
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CERNICH & VETTORI:  Mocbile range

e R R cepaigtent, the navipat 1on of the vense] beeing tested
Vet re it e iy s are clrsoussed,
\
I ey

§

oot ot e the mabip e cange are as foliows:

DR Coonon e radiated by sabmarines and - surtace  chips with
' . et
s e te cornchotted an oareas with bottom depth up to 00 meters;
Lottt [T U SO/ SURE PR R survival ot the in-wiateér equipment at
I S T B L RYCI ' '

The

gl

2oLy and o recovery of an-water equipment. to be pertformed by oa small
Aramar oot expendtible parts,
woatrloty e bvich and pecover the  range  and  to conduct  the

e aremet s fram the surtace ships to be tested.
ixioum e ot reliable commercialy’ availatble equipment.
“rocer taced analysis o existing facilities.

[

Mio U ITIONCGE THE 57 STEM - :

system comsists of:
in-water subsystem, formed by three mooring supporting the required
hydrophone stations, a marker buoy and a radio buoy transmitting data to
an w851t ship. : , . 3 ' ‘

v”d’ll);'.dtl\)“ subsystem, located on the test vessel,having the purpose cf

Yiving navigational control with respect to the moorings.

Signal acquisition subsystenm, located on the assist ship {or else on the

Stest vessel 1f 1t is a surface ship), with the purpose of receiving and
recording on magnetic tape the signals transmitted from the radio-buoy

d)

_SACLANTCEN CP-36 ... . g-2_ - . F-

and zontralling the quality of them.

Slgml “analysis subsystem, located on 'land," utilizing part_'o'f the' '

'
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CERNICH & VETTORI: Mobile range

it tn satsystem and an E-1000 computer.,

e Inewater cats

Fioy.l chows the bLiasie schematico ccmﬁguratv?n of the 1n-water subsystem
Hhoowho for npvr:nlmpz o a typilcal bottom of Ji¥) meters depth. It consists of
Comid ity AL ,. The h_vd:‘mph-:nw stations (H o H o and H 1 oare suspended
trom cmocrimges A gl Boas  indicated in the di.iigrdm and at  the required
depths. I ,H' and H; are called Beam hyd.rnphr)nes and HA is called Track.

' H

The ranve ceontigpuration 1s flexible so  that, starting with the basic

contguration in Fig.ot, 1t can be adapted for either surface ships or

submarines or changed according to marine currents or to the bottom depth
an which the system must operate. For operations with submarines hydrophone

111 15 not used.,

he composite structure of the cable enables the position of the hydrophone
stations to be 'changed and also (o intervene on each connecting electric

cables separately,

Moorings A and B both have a Release-Transponder unit (RT) suspended at a
depth of lowumt. These units act as an acoustic responder and free the
moorings when receiving an appropriate acoustic control signal.

The wwo moorings A and B are anchored to the bottom (‘AN in the diagram).
They are supplied with two buoyancy unv.its “and ‘connected tugether at' the
Connection Unit (UC) by’ means of a hydrophone cable (CAB-3). Mooring A is

‘connectea to the Radio-buoy by means of a Vibrating Insulation Module (VIM)

that has the purpose of isolating the buoy’'s osciliat'ions from the. mooring
and by the piece of cable, CAB.7, which alsoc has a damping function.
The radio-buoy contains the electronics (EL)f necessary for the conditioning
the hydrophone signals and for the transmission via radio link of the
signals and reception of commands from the assist ship to ‘the buoy.

Tre radio buoy is easy to connect and disconnect from moori'ng A 1n case it
is required to disactivate the range and leave it in the sea for a period
of time, ' : -

The radio buoy is about 5 meter high qbove the sea ‘suri’ace to make it
visible from a distance both optically by periscope and by radar (this’

~applies also 'to the ‘marl'(er bpoy’). Osciliitions due to sea motion are
" limited within the vertical aperture.of the transmitting/receiving antenna.

1

v
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- ' vt oship

I SRS 4
: Thae bt gw chiownn o hematao gl vy oan Fogl ot [t .provides miginetic recording

sved by radio and a preliminary data qualirny

strfon g 1ed on tave analyser and proper recorder, Digital clock data.
Lot ions on operating pareseters of the electronics are also recorded.
Tt cw{tem enatiies e 1o hoose the hydrophone channels to be used as well

gno kel g, egualization and to catibrate them.

- Auxijlary functions provided by the subsystem are; . ’
\ .

1+ Meaburement of the geometric detormation of the range due to the water

- curfent Ly interrpgation of the two transponder units. ;

b The possibility of steering the test vessel from ‘the assist ship;this
e

fundtion. duplicate the one impiesen*o1 on board the test vessel and s
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particularly relevant for operations with a subnarine,

tFapid  electroacoustic calibration an situ c©f - the various hydophone

channels,

Fossibility ot measuvring precisely the distance betseen the tirgt \2ssel

and each hydrophone.

Activation of the relesse function of the transponders for recovery of

the at-sea equipment.

‘.4 - Un-land analys1s subsystem

Tig. 4

1s a btlock diagram of the subsystem. It enables the fullowing

-xerations to be carried cut for each hydrophone channel.

Riconstruction of the distance between the test - vessel and the
hydrophone aind choice of the sections of the run to be used for

signature data.
It makes use of some of the components of both the acquisition and

navigatioil subsystem.
b) Analysis and signature in 1/3 octave bands from 10 to 40000Hz.

c) Narrow band analysis and signaturelbetveen's and S000Hz.

d} Compensation for the effects of surface and bottom interference.

e) Calculation of statistical averages.

3 -'ANALYSIS OF SOMF CPITICAL DESIGN PAFTS

The periormances 'md'mliability of a mobile range is a large number of
factors and operztions. While setting up the system it has been found that
after cesigning the data telemetry and vibration isolation of the
hydrophones the moet challenging problems to solve were:

- ®* Measurins hydrophune positions in the range.

* Navigation accurancy and azfety of vessel na»igltina 1nlide the range.

* Launching and recovering of at-ses equipment.
* Compensating of eurface and bottom interference in the -ouurements._

'
'

'
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v

fre 0 ALty par gy raphes the solution being implemented of the above

crt L oy e b beemn e Ay s annend,

. Coey oy e tenr that g oanv peerational area o current #ill be
e e ot the javeont ot meorangs fromoa straight line., in the '
Mooyt Lt Tl tn benrns et dhimensy oon buoyancties  and  anchors
e b Tt s b e et mnam e z!vr'alrmatr.{n of moarings, Batoan
Dot melorm gt cannst he .Yntui Iy #liminated, :
P oewamp e st 0 gt show the detarmation of mocring A and B wher, ot
Lt eep  rtupur et or an atlected by tae toliowing current profile:
STt e o e L meter I
rro t roothee DLt toan ! ' .

Loty I regngng tetwesn 1V maters gnd the bottom,

DL SRR Loand 0 fhe current s assumed  perpendicular te  the phase
Lntaltag Toorin, A ant by in 1.7 the current s assumed parallel ta
*hiv priane,

From o Pogono sl 01t ocan be abserved that there 1S an offset beteven the

“x15 ot tase' line H -H  and the axis o7 base line joining the two
troanspocters usel for n;v:éar 171 of the vessgsel under tost,
. . '

Therefire  n, order  tn navigate the ship under test over HA {TFACK
Hydrephone, the offset must be taken 1nto acrount., [t can be observed that
tor navigation purposes «nly che offset an the Y/7 plane 1s relevant,
Tlivretore 4 simple last mean square algorithm 13 used to estimate preczéel_v
the projections oOn pilane Y2 of distances between H H,., H, H, and the
two trapsponders. Measurements are taken from the assist ships before the
vessel under test starts a measurement! run., Estimated navigation accuracy
over Ha 18 of the order of ‘ meters., ‘ B

' ) 3

3.2 - Obgervations on the test vessel's navigation system

keference: 1a made to Fig.8. Thx's diugram represents an qiaaple of the
positions on the horizontal plane of the buoys (B sradio buoy) the two
~responders RT and RT_ and the hydrophones H and H ' at - the head of
moorings A and B reaspectively. Because of the deformation caused by the

'

SACLANTCEN CP-36 86 :

~. ¢



CERNICH & VETTORI:  Mobile range

current Hooand H1 are displaced with respect to RT{ and FT .
1 . <
The navigation of the test vessel will have several phases !seP‘an.B):

Al Appreach and radar-optical alignment ..
The tent vessel "sees™ the two huoys H‘ and B and sets an appropriate

course In rurr"spnndeﬁve fo the radar axis pérpendxcular to Bl-B? and

passing through the nodpoint. :

This phase precedes the use of the acoustic navigation data and, 1n the

case of a submarine, takes place at periscope depth, befhre diving.

LY Appreach and acoustic alignment.,
The test vessel modifies 1ts course, moving into the acoustic navigation
Axis by utilizing the data supplied by th= HP-9836 computer,

Maintenancs of the course, .

The test vessel must be on the correct course ~2me time before reaching
the maximum distance DM at which radiated noise measurements begin., (DM
15 about 1200mt for RTI—RT):RUHmt and minimum aspect angle of 10°).

The test vessel continues on 1ts course with small corrections, as
indicated hy the computer, up until the end of the course (a distance DM
veyond the range),

1) Manoeuvre for moving away with an eventual return tcwards the range from
the opposite side, repeating the above mentioned operations.

The following observations should be made regarding navigation across the

range.,

- Safe na&xgétxon‘for the snbmarine. ) ,

The navigation sysiem must ensure a 100% non-interference with 'the
structure of the réngc, The system has been designed to offer this
safety: 1t - has infact been verified that when the distance between the
anchoragee 18 200mt, the deformation of the range, . even under the
antfluence of  unuaual cuérent' conditions, ' }enves ample - space for
navigation. '

Moreover the aystell supplies the date with a precision far superwr (1m)
to that requxrod to ensure the non-interference.

- Validity of the measurement, .
The mos t crxtxcnl case  is the passage of a surface ship across the
hydrophono ‘track (“4)' The assist ship nhould p-sl above the ! ,d;ophone
H‘ with an offset error noc»gre-torAthan the width of the surface vessel.
This can be achieved by means of the proposed system that, owing to the
combination of high precision measurements with filtaring, allows one to .
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ptarn the reguired precision.,

ron cystem utiiizes hardware already widely tested boath for 1ts

ity oant resratality in the ottshore field and suitably adapted to

Creoprvecert gppllcation,

Trae tent vesgel may navigate at maximum speed (30 knots) provided that the
1t the transducer installed on the test vessel is contarned

At the establinhed Jimits,

cLementn gnutalied on the range that are required for the navigation of
ettt wernel oare the two r‘vspf)nderﬁ RT and RT consisting of the RT
N inntalled as shown 1n Fig.8 and detmmg a system ot' cartesian

ctitaates,

T er iwep oder:s are the reference points with respect to which the test
cewes Cairiates tts position. To do this»the test vessel interrogates the
‘W t‘ransponders KT, and HT, at a frequency fl; these respond at different
Sregeenes tand ?1. ' ‘
e rent yegsel recelves the two responses and recognizes the two units on
*ve rau,s  o!  their trequenciles, Using the time intervals between

rerroantion and response. llistances K and R between the test vessel and

Tt the test vessel and KT are measured.
The e Stion of the test vessel 18 found from the distances R and R. . The
Hp ek chmputer elaborates this information by nuaericallly (‘x{‘Eermg.
Filtering 1s usedl to eliminate the effect of the delay in the estimation of
She position caused by accustic propagation time, to estimate the direction
il velocity of navigation without the necessity of a gyrocompass. and log‘
1ind 0 reduce the effect of gneasurempnt ertors on the global preciaion of
“he svitem, ‘ ,

Errors are essentially: '

- Error in the measurement of the delays due to variations in the sound
speed. ' o
The effect i1s minimized by estimating the appropriate average value from
the temperature/velocity profile.

L - An Intrinsic error in the measurement of the time da.lny: due to the
: . instruments used for the measurements.

'ﬁ ’ , '

| - Error in the eatimation of the trmnpondor"pontion-.

" - The preliminary measurements for estimating the precision o‘!f the system
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mingTise this error,
A externiive simalation ﬁtudy' has been carried out 1n order to calculate
*te wsobtal errors an the positioning of the navigation system. These have
froaet o tee af the order of | meter relative to R'!'1 and RT . The
Corc oy ol the navigation system, including the operator, -has af;O been
imuiated an srder to verify the ecase with which 1t can be used. ' Fig.9 1s
g, exampae 0 this saimulation showing graphically the horizontal plane

Y taininy the rage t.FTl and RT“).
“hee v axis represents the havxgatxon'éxis desired V , X , Y and
rapresents respectively the speed, the coordinatqs agd thg heading of thg
test vessel measured with respect to the Y axis at starting point. The
.rosses are the successive positions of the vessel estimated by the system.
Tre system also supplies numerically the successive X and Y values together
with the angle. "The solid curve represents the real course of the test

vessel,

3.3 - Launching and recovering of the system

The method for launching and recovering the range has beer designed to
operate with an assist ship provided with one derrick, one winch and two
auxilrary craft (rubber dinghies).

To cérry out the operation with the above hypbtheses and the iimited
manoeuvring capability of the sssist ship the sea state must be less or
equal ;o 2 and the direction c¢f the wind must be constant.

The procedure for launching the moorings A and B is a combination of the
*anchor first* and “anchor after' methods: each mooring is launched in two
sections as sho-n in Fig.10 (the bottom setting lovered in depth and the
top section floating) , :

The submerged sections are . suspended from a reinforced bnlloon and
'connected by means of a rapid-release hook.

The two.moorings A and B, as shown in Fig.1ll are then spaced apart so that
there is the desired distance .between them (about 200mt). 'The rubber
dinghies are "wsed to join wgdther on the surface the two section of
connecting hydrophone cable together with the sinker, kept temporarily on
the surface by means of a suitable balloon.

The rubber dinghies are used to uncouple the two lupborting balloons.
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CERNICH & VETTORI: Mobiie range

Yer o recovery,  the asstst ship activagos‘acoustxcally the uncoupling of the
=xring A releaser and subséquently that on mooring B. The rubber dinghy
takes the radio-buoy back to the assist ship and recovery on board begins
weording to the sequence: radio-buoy, mooring A, mooring B.

Ar emergency reccvery method ha-, been foreseen. This would take place, with
the help ot divers and only in the unlikely sntuation‘ir} which one of the

reieasers joesn’t work,

.4 = Jompensaticon for the effects of surface and bottom interference

n order to calculate the acoustic levels at the reference distance of 1
mesre {rom the source using the measured levels, it 18 necessary to know
*he propagation (0ss between test vessel and hydrophone.

wi'hin *he geometric conditions foreseen for the range, such losses can be
~xie]lled using rhe classical law (spherical divergence + absorption minus '
*re  1ncoherent  contribution  of  the surface . reflections} only for
trequenciles above 1KHz, For lower frequencies, the difference between the
_fropagation mode]l required and the classical model, becomes greater (and
herice also compensation), the lower the frequency. '

The order of magnitude o!: the systematicberror by utilizing “he abcve
. ciassical model can be of 10-15dB for frequencxes of hundreds of Herz and

1t~ 3:dB for frequencies bolov 100Hz.

This error 1§ caused by interference formed at the ﬁydrophone_betveen the
Jirect snound- field and the surface. reflected and hottcm reflectsd fields.
The boitom reflected field depends upon the frequency and the geomefry and
nature of the oottom. :

A prehmmary study, conducted in cooperation with Mr. Schmidt (Salcantcen)
using models NISSM and FFP, on propagation over a.reflecting bottom has
indicated that for frequencies above lOOOHz compensation tor incoherent
addition of aurtace and bottom contribution and averuna over values
obtained from the 3 hydophones (upacul diveruxty) gives a reliable result
1f bottom chuructenst\cs are kno-m.

For frequencies below 1000Hz t'here'is no slulplé rule available. Some
modelling work has been started and shall be. vorined in known sreas using
the range itself, . : . . '

4 - CO?CLUSION

The synten mu-c be deuvered for acceptances test in summwer '85. Sea trials
are also rorenon in order to voruy at sea oper-uon- af the various parts
L of the syoten 1n Fau '85. )

v v \\ ' )
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DISCUSSTON

A.D. Stuart (Umited States):  Does the measurement range have the ability

te monitor the aspect angle of the "target” or “test” vessel, as well as
1ts range” 1t so, how 1s this to be done? '

E. Cernich: Mon:toring equipment anstalled ap board the assist ship dees
not have the capability to monitor the aspect ot tae test vessel. However,
the estimated aspect angle of the test vessel can be made avairlahle on-line
onboard the test vessel by reference to the transpoaders’ bhase line; ashore
it can be measured by reterence to the hydrophone I-H4 baseline. Real-
time raages to hydrophones Wl oand H4 ave contingousiy. displayed on board
he ~ssast shrp. '

AW Geor&e (United States): Does the on-bhoard mouirtoring (quick-look)
systew. have range correction?

E. Cernich: Ranges are measured direct to the two transponders. On nvoard
the assist ship ranges to hydrophones H! and H4 are directly displayed,
thereby providing correct rauges to the above hydropbones. ’

C.C. Levey (France): Is there any security danger in transmitting the
received signals by radio?

E. Cernich: The need to avoid broadcasting the data was taken into con-
si1deration. We should not {crget that the transmitting ‘and receiving
antennae are operating over the sea surface. By an appropriate choice of
the transmitting frequency, the vertical directivity pattern of the trans-
mitting 4ntennae, and the transmitter output power, the surface reflection
allows the useful reception distance from the buoy to be limited to a range
of about one mile centred at one mile. !

B )
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